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Travel Patterns in 50 Cities 


BY THE DIVISION OF HIGHWAY PLANNING 
BUREAU OF PUBLIC ROADS 


Reported by FRANK B. CURRAN, Statistician, 
and JOSEPH T. STEGMAIER, Highway 
Research Engineer 











During the past 15 years origin-and-destination traffic surveys of the home- aspects of the many-sided travel patterns for 
interview type have been conducted in more than one hundred cities. This 50 of these cities, considered either singly ortin 
article presents information regarding the purpose for which trips were made combination. Information from the recent 
by residents in 50 of these urban areas and the mode of travel they used. Data past regarding travel habits of city residents 
are also included pertaining to basic household characteristics of the areas such should be valuable to urban planners, highway 
as the numbers of dwelling units, residents, and automobiles owned, and the engineers, and economists in attacking”® the 
relations between these characteristics and the volume of trips classified ac- transportation problems of the present and 
cording to purpose and mode of travel. The urban areas have been grouped by future. It is also hoped that the article will 
population size to disclose whatever travel trends or patterns may exist among serve to call attention to the quantity and 
cities in the several population groups. quality of data that have become available as 

The percentage distribution of major trip purposes is fairly uniform in cities a result of such surveys. A list of the selected 
of all sizes. Analysis by mode of travel, however, shows a variable pattern. cities showing survey dates and population at 
The proportion of trips by automobiles and taxis increases as city size decreases. the time of the study is given in table 1. It 
On the whole, mass transit is by far the most prevalent mode of travel in the should be noted that almost one-third of the 
largest cities, but its relative importance varies depending upon the trip pur- studies were conducted during the latter part 
pose. Trips for social and recreational purposes, for instance, general'y involve of World War IT and the year following the 
the use of automobiles. end of the war. Some of the variations in 

In most cases, the volume of daily trips by residents within an urban area is trip-purpose and travel-mode patterns which 
directly related to the numbers of persons, dwelling units, and automobiles are discussed later may be associated with the 
registered in the area. The relations vary, however, depending upon the trip vear of the basic survey or the geographical 
purpose and mode of travel. location of the study area, 

MONG the more important factors Table 1.—Population and period of survey in 50 urban ar as 
LA affecting the planning of streets and 
highways are the means by which residents Urban area Population Period of survey 
travel within the city, the purposes for which ; ; 
: - 5 Albuquerque, N. Mex-__.- 116,056 , June 1949-July 1949. 
the trips are made, and the relations between Altoona, Pa 85,347 | July 1950-Sept. 1950. 
ese tri ssidential characteristics suc Appleton, Wis __.- 39,172 June 1953-July 1953. 
these trips and residential characteristics such pias a... 912,809 | Sept. 1945-Oct. 1945. 
aus the number of persons living in the area, Bay City, Mich 69,231 July 1948-Oct. 1948. 
“ Charleston, S, C . 3 73, 205 | Feb. 1947—-Mar. 1947. 
the number of dwelling units they occupy, and Chester, Pa Saws 127,408 June 1951-Oct. 1951. 
the . 7 a . he Columbus, Ga el . 79,192 Oct. 1945-Dec. 1945. 
h number of automobiles they own. At the — 533, 608 | Nov. 1980-Mar. 1981. 
time this article was prepared, information of Duluth, Minn.-Superior, Wis 130,847 May 1948-June 1948, 
this sort was available from origin-and- Fargo, N. Dak.-Moorhead, Minn : 49,852 . June 1949-Aug. 1949. 
: . . : on Grand Rapids, Mich-- 220,977 | July 1947-Oct. 1947 
des £ ‘ . gl . = ’ ’ ‘ - vas. 
1 tination traffic studies! of the home Harrisburg, Pa... 103, 303 June 1946-Sept. 1946. 
interview type which had been made in 101 Honolulu, 'T. H : ; 214,236 Apr. 1947-Sept. 1947. 
a as 1, Houston, Tex 878,629 Mar. 1953-June 1953. 
urban areas since 1944. The product of Johnstown, Pa .- 87,509 July 1949-Sept. 1949. 
these Se ed Ws at reas i alamazoo, Mich 72,024 Apr. 1946-May 1946. 
ese studies includes a great mass of data on Sansiee, lateh 122,776 | Sept. 1946-Now. 1946 
the local travel habits of urban residents on an Macon, Ga_ 77,665 July 1946-Ang. 1946, 
oa $ : Madison, Wis 104,074 May 1949 June 1949. 
average weekday during the period of the 
survey Muskegon, Mich 83,724 July 1946-Aug. 1946. 
“ih Newark, N. J z 1,456,947 Aug. 1945-Jan. 1946 
Data from these studies have already been Norfolk, Va 335,910 June 1950-Aug. 1950, 
ror % Norristown, Pa __- 39,485 | June 1949-Aug. 1949. 
analyzed and the results have been put to use Philadelphia, Pa 2, 233, 531 | June 1947-Nov. 1947. 
in e: : oa ae Phoenix, Ariz 161,567 | Nov, 1946-Feb. 1947 
in ene A > ‘ ‘ ve > » ’ ’ - 1090. 
Leach of the individual urban areas surveyed. Mention Wich... 79,431 | Apr. 1947-May 1947. 
However, knowledge of the general or average Portland, Oreg 453,128 July 1946-Sept. 1946. 
; ee ee ; Racine, Wis-_-- 78,033 Aug. 1949-Oct. 1949. 
pattern for groups of cities of similar size Reading, Pa 119,851 > Nov, 1946-Dee. 1946. 
should be very beneficial to highway planners. Rockford, I. 116,000 | July 1950-Aug. 1950. 
Thus it may be possible to establish norms Sacramento, Calif “ 201,345 Dec. 1947-May 1948, 
} P . . aes X Saginaw, Mich_~ 112,902 | July 1948-Sept. 1948, 
that might be helpful in anticipating the St. Louis, Mo... 074.545 | Apr. 1945-July 1945, 
thane o . on to lie ali St. Paul-Minneapolis, Minn 15,40 9 May 1949-Nov, 1949, 
inges which will take place in the traffic Salt Lake City, Utah 196, 571 | June 1946-Sept. 1946. 
pattcrns of a city as the pattern of living San Francisco, Calif 1, 468, 933 | July 1946-Dec. 1946. 
ry . San Juan, P. R 312,069 | June 1948-July 1948. 
Changes, Seranton, Pa 137,089 | June 1950-Aug, 1950. 
rhe primary intent of this article, there- Seattle, Was! 18, 563 | May 1946-Aug. 1946. 
lore. is to call attention to the more significant Sharon-Farrell, Pa 48,432 | June 1949-July 1949, 
Spokane, Wash 138, 381 July 1946-Dee. 1946, 
— Tacoma, Wash. - 138, 700 | June 1948-Aug. 1948. 
1 Trafic ; a a 2 Bieta Sone @ Tucson, Ariz 126,900) Mar, 1948-Apr, 1948, 
ruflic planning studies in American cities, by John Washington, D. C 1, 109, 860 | May 1948-Sept. 1948, 
Lyne Pustic Roaps, vol. 24, No. 6, Oct.-Nov.-Dec. 1945 Wichita, Kans 248, 302 | Nov. 1951-Apr. 1942. 
The procedures used in these studies are given in greater Williamsport, Pa 9, 216 | July 1954—Aug. 1954, 
detail in the Mi rP. i YH iow T f Wilmington, Del 181,445 | Apr. 1948-July 1948. 
i ithe Manual of Procedures for Ilome Interview Traffic Wisconsin Rapids, Wis 16,504 | Sept. 1950-Oct. 1950, 
Study, which is available by purchase from the Public York, Pa : 77,350 | July 1951-Aug. 1951. 


Administration Service, 1313 East 60th Street, Chicago, I). 
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Figure 1.—Geographical distribution of the 50 cities included in study. 
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Definitions 
The urban areas referred to in this article 


ure the areas within which the basic surveys 
were conducted. They generally include the 
central city as well as any portion of the con- 
tiguous built-up area that may exist beyond 
the corporate limits. Their boundaries are 
usually delimited by an imaginary line called 
the external 
but not 


defined by the Bureau of the Census. 


cordon. These resemble 


coincide with 


areas 
urbanized areas as 
In this 
article the terms urban area and city are used 


do 


interchangeably. 

A trip is defined as a one-way movement in 
a vehicle by a resident of the urban area. 
There are no round trips but rather two or 
more one-way trips. The only trips consid- 
ered here are internal trips, so called because 
both origin and destination are within the 
boundaries of the survey area. HEuternal trips 
to or from peints beyond the external cordon 
The external phase of the 
basic surveys was concerned only with auto- 


are not included. 


mobile travel beyond the cordon and only 


automobile-driver trip information in- 


cluded. These 
trips amounted to about 5 percent of the total 


was 
external automobile-driver 
internal and external automobile-driver trips 
in the largest urban areas and about 
the 


15 per- 


cent in smallest cities ineluded in this 


study. 
As the term is used in these surveys, mode 


of travel depends upon (1) the type of vehicle 
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used (automobile, taxi, truck, or mass-transit 
vehicle), and (2) the status of the user (driver 
or passenger The modes of travel recorded 
in most of the individual surveys were as fol- 
lows: automobile drivers, automobile passen- 
gers, taxi passengers, truck passengers, bus or 
streetcar passengers, railroad passengers, and 
other 
For purposes of analysis, some of these modes 


passengers in mass-transit vehicles. 
have been combined. 

The term purpose of trip is used in its ob- 
vious sense to explain why a person made the 
trip. for internal trip re- 
corded, the survey data shew not only why the 


However, every 
traveler went to his destination (purpose to) 
but 
origin (purpose from). 


also why he had been at the peint of 


The purposes (both 
to and from) were originally ten: work, busi- 
medical-dental, school, social-recrea- 


hess, 


tional, eat meal, shop, change mode of travel, 
passenger, However, ss 
with modes of travel, some of the trip purpose 


serve and home. 
have been combined. 
TTousehold characteristics inelude the 


bers of persons, dwelling units, automobiles 


ThuUth- 


owned, and persons 5 years of age and over 
Dwelling unit is used in the sense of the Bureau 
of the Census 
rooms or a single room occupied or intends 


“In general, a group cf 
for occupancy as separate living quarters by) 
a family other group of persons living 
together or by a person living alone.”’ 


or 


Scope of Article 


Although at the time of this analysis ove! 
one hundred comprehensive urban traffic sur- 
veys had been completed, trip purpose-to- 


Table 2.—Distribution by population groups of all urbanized areas, of urban areas where 
origin and destination studies have been made, and of urban areas included in the 


present study 





All urbanized areas, Urban areas with com- | Urban areas include 
1950 census pleted O & D studies in this study 
Urban area population groups fs a : . 

Number Percent Numbe! Percent Number Perce! 

Over 1,000,000 12 7.6 6 5.9 4 8.0 
500 ,.000--1,000,000 13 8.3 11 10.9 ( 12.0 
250000500000 24 15.3 i] 8.9 $ 6.0 
100,000--250,000 70 44.6 43 $2.6 | 40.0) 
50,000- 100,000 3s 24. 2 22 21.8 12 24.0 
Less than 50,000 10 9.9 10.0 
otal Liz 100. 0 101 100. 0 50 100. 0 
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urpose tabulations had beer prepared in only These 50 cities seem to provide a sufficiently Figure 1 shows the geographical distribu- 
0 cities with sufficient uniformity to permit good distribution among the population groups _ tion of the selected cities by population groups. 
“ummarizing the results by city groups. studied so that the data are representative. The 50 cities accounted for 10.8 percent of the 
Table 3.—Number of trips by each mode of travel in Madison Wis., classified according to trip purpose 
) I y ’ I 
Trips to 
Trips from— vi — 
Medical- Social Eat Change Serve 
Work Business dental School recreation meal Shop node of passengers Home otal 
travel 
AUTOMOBILE DRIVERS 
| Work S.00S 663 So 4] 522 713 g40 1, 242 11,214 2ti, 486 
|  [Susiness 23 S28 10 30 301 190 4tis 210 2, 164 4, 824 
Medical-dental 44 20 10 3] rt) 119 i) 27 559 
school 72 20 10 119 139 200) 4) 150 1, 092 1, 982 
Social-recreation : 142 190 40 20 1,377 258 4()] 10 1, 206 6, 395 10, 039 
Eat meal 3, 167 17 ow - 164 290 Lt] 434 79 5, 128 
shop 270 251 29 3 Gs 139 1, 365 ll 321 », 334 &, 348 
Change mode of travel.. : 10 10 10 20 21 20 148 239 
Serve passengers 1,924 300 70 209 926 349 620 20) 1,776 5, $27 2, 021 
Home 12, 648 2, 624 341 1, 331 a, 749 691 4,234 yy 6, 953 34, 670 
Potal 26, 903 5, O77 6i0Y 1, 950 9, 943 663 &, 359 140 12, 367 33, 235 104, 246 
} 
AUTOMOBILE PASSENGERS 
Work- 11 63 30 203 () 106 71 $4, 971 
Business $1} 217 30 10 184 20 153 - 725 
Medical-dental 21 10 52 72 303 
School mh) §2 53 82 ISS z | S71 
Social-recreation y2 s2 10 SY 297 151 101 10, 048 
Eat meal $41 10 267 0) 690 
Shop E 29 63 10 1] 38 62 708 10 2, 673 
Change mode of travel e 30 ; 20 10 22 10 27 
Serve passengers ° 
Home 4, 533 Ol 313 2, 676 9, 384 58 2, 42) 285 
Potal a, aee 1, 409 446) 3, 145 14, 624 1, 638 4, 063 477 19, 552 
STREETCAR AND BUS PASSENGERS 
Work 130 64 20 10 140 O4 220) 175 7, 429 8, 697 
Business 30 60 20 30 a 10 SO5 1, 005 
Medical-dental 10 . 10) 20) 20 ‘ 300 360 
School ll 4) 20 90 180 553 201 60 5, 213 6, 518 
Social-recreation ») 4] 20 20 159 4( 70 4] 3, 258 3, O60 
Eat meal 454 20 454 4() 20 363 1, 331 
Shop 40) 49 10 50 131 1M) 4) 2, 522 2, 992 
Change mode of travel 110 10 4 70 0 Y 10) 161 51y 
serve passenger - 
Hlome 4 S, 153 1,118 382 5, 556 $, 23s $¢) 1, 730 210 20, 74s 
¢ Potal nae 9, 078 1, 417 452 6, 269 4, 008 1, 468 2, 50 506 20, 051 45, 839 
| PAX! PASSENGERS 
} 
Work 4} 20 7 |) 30) 10 10 415 574 
~ usiness 10 10 10 20) I 144 ue) 
VMedical-dental * 10 10 131 15 
School 10 1] 20) 121 lev 
; Social-recreation 21 11 79 20) 1s] He 
' Kat meal 20 10 10 1) SO 
f Shop. 30 B 4) v0 1m 
‘ Change mode of travel 10 . 20 10) 140 
} serve passengers . 5 : 
Horne S04 139 110 239 500 60 102 8Y 2,048 
P Potal 946 180 160 259 680 120) 162 89 1, 535 1,131 
oi | 
TRUCK PASSENGERS 
Work bape 92 2 sl 123 
sUSiNess 
‘ \edical-dental _. - 
' school ‘ 
_ ocial-recreation 10 th 
it meal 
- shop 
lange mode of travel ia 
. rve passengers 
= fome 11 10 21 
e 
Total 103 10 4] 14 
Art Mopres or Trav 
rk 8, 462 S15 19 il 89 1, 734 416 246 1, 242 23, O58 11, 108 
isiness T04 1,115 4) 70 535 220) 671 10 210 3, 843 7, 418 
edical-dental 5y Al Ww A) 113 y 19] 1) m4) 1.005 1) 52K 
1001 253 112 &3 3u1 ARO 1, ( 261 HO 150 7, 297 10, 154 
ial-reereation 275 324 70 129 354 61 I22 152 1, 206) 20, 192 29, 239 
t meal 4, OH 201 SOU) 54] 151 439 1, S84 §. QIN 
op $0 363 44 Y2 1, 264 4 2, 263 #1 321 10, 618 15, 601 
ge mode of travel 150 20 10 AY 120) 1 102 WO) 20 696 1, 26] 
ve passengers 1, 424 300 70 209 G26 14 620 20) 1, 77 %, S27 12, 02] 
i 2, 149 4, 782 1, 146 9, 802 18, 881 8, 48; oa) 6, 95, 78, 553 
otal $2, 407 8, OSS 1, 667 11, 623 29, 24 AN Os4 1, 302 12, $67 74,414 205, 10] 
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Table 





4.—Number and percentage of trips by each mode of travel in 50 cities, classified according to trip purpose 





Niode of ty 





Prip purpose 





ivel Work and business Social and recreation Shop Miscellaneous Lom Potal 

| 
Number Percent Number Percent Numbe1 Percent Number | Percent Num bet Percent Number Percent | 
. seaiceaia tine ‘cee } 
Automobile driver 4, 674, S48 2 1, 079, 942 3.9 910, 831 ; 1, 524, 373 4,187,918 15. 1 11, 382, 912 41. | 
Automobile and taxi pas 
sengers__- 1, O65, 361 $0 1, 520, 382 488, TOS 1. t 486, 546 7 2. 634, 629 9.5 6,195,716 | 22. 2 | 

Mass-transit passengers 4, O14, 103 10.8 736, 487 2.6 690, 435 2. ¢ 1, 270, 461 4. ¢ 4,487, 541 16.2 10, 199, 027 36.8 
Potal 7, 759, 312 27.9 3, 336, S11 12.0 2 090, 064 281, 380 11.8 l 10. OSS 10.8 27, 777, 65 100. ( 

total United States population in 1950, and pose of trip. One tabulation was prepared trips, the two were combined as work 


As 
indicates, the distribution of the 50 


16.8 percent of the urban population. 
table 2 
cities by population groups among the 157 
urbanized areas of the 1950 census is only fair, 
but it follows very closely the group distribu- 
tion of the 101 cities from which origin-desti- 
nation traffic survey data were available. 
The present analyses have been limited to 
two questions: how and why residents make 
their trips within an urban area. It does not 
consider two other important questions which 
relate to the origin and destination of trips 
within the area. Although 
available for each city, records of trips from 


these data are 
place to place within a city cannot justifiably 
be combined for more than one city at a time, 
because it is difficult to relate areas when so 
little is known about their land-use character- 
istics. 

The process of summarizing data to discover 
travel patterns, related to purpose of trip and 
mode of travel, began with the cities where 
the surveys were made. In each of the 50 
cities the procedures recommended in the 
Manual Procedures for Home Interview 
Traffic Sludy generally followed, and 
tables were compiled in which trips were clas- 


of 


were 


sified uniformly by mode of travel and pur- 


MASS-TRANSIT 
PASSENGERS 
36.8% 


AUTO AND TAX! 
PASSENGERS 
22.2% 


AUTOMOBILE 
DRIVERS 
41.0% 


° 10 


WORK AND BUSINESS 
27.9% 


for each mode of travel, showing the number 
of trips from each purpose to each purpose. 
the of travel 
ported in different cities varied; trips by train 


However, number modes re- 


passengers were reported only in 2 cities and 


trips by ‘‘other”’ passengers were reported 


only in 5 cities. A typical example of the 
basic tabulations for an individual city is pre- 


sented in table 3. 

In the course of assembling and combining 
the data from different cities it became evi- 
dent that certain less significant trip purposes 
he 


im- 


and travel modes might advantageously 
combined. On the average, the 5 least 
portant trip purposes accounted for less than 
12 percent of the total number of trips, and 
not accounted for as 


one of these purposes 


much as 4 percent. These categories were 
combined to form a miscellaneous group. 
Minor trip purposes and the percentages of 
trips accounted for by each were as follows: 
to serve passenger, 3.4 percent, change mode 
of travel, 3.3 percent, school, 2.3 percent, eat 
meal, 1.7 


percent. 


percent, and medical-dental, 1.1 
In addition, since business trips amounted 
to less than 5 percent of all internal trips and 


were often difficult 


work 


to dissociate from 


20 30 40 50 60 
PURPOSE OF TRIP—PERCENT 
SOC-REC. SHOP MISC 
12.0% 7.5% 11. 8% 





business trips. Thus, the five major trip pur 


poses were work and business, social-recre: 


tional, shopping, miscellaneous, and home. 
An examination of the data for the 7 mode 
of travel indicated that 
less than 2 percent of all trips, 
the 


cent of the 


$f modes accounted f 
and not 1 « 
f modes accounted for as much as 1 pe! 
trips. The least important trave 


modes were as follows: taxi passengers, 0 


percent, train passengers, 0.7 percent, truc} 
passengers, 0.2 percent, and other passenger 
0.2 percent. 
Since these travel modes represented su 
small proportions of the total, they were COl 
bined of 


teristics truck 


with other modes similar chara 


Taxi and passengers Wwe 


combined with automobile passengers, wheres- 
passengers using trains or other interurba 
facilities such as subways, ferries, or highway 
buses were combined with streetcar and bu 
passengers. Thus, three major modes « 
travel appeared to be sufficiently representa 
tive: automobile drivers, automobile and tay 
passengers, and mass-transit passengers. 
Although the trip purposes and travel mode- 
that 


marization 


have lost their identity through sur 


are relatively insignificant in the 


total travel pattern, they may be important 


100 


90 
80 
70 ” 
= 
Ww 
rs) 
« 
60 ws 
| 
al 
Ww 
$0 > 
a 
re 
ra 
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40 0 
Ww 
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Figure 2.—Percentage distribution of trips according to purpose. and further classified by mode of travel. 
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Table 5.—Number and percentage of trips by each mode of travel in six population groups, classified according to trip purpose 
rrip purpose 
Population Num- Work and busi- ~ocial and recrea- Miscellaneous Home Total 
Mode of travel group ber of ness tion 
cities - = ee 2 
Number Per- Number Per- l Per Number Per- Number Per- Number | Per- 
cent cent cen cent cent |} cent 
\utomobile drivers_- 1, 1438, 303 35. 4 300, 892 9.3 01, 334 6.2 414, 396 12.9 1, 165, 651 36. 2 3, 225,576 | 100.0 
\utomobile and taxi passe nge TS-|| 1 990.000 and 344, 013 19.1 23.3 116, 687 6.5 151, 320 8.4 769, 472 42.7 1, 802,031 | 100.0 
Mass-transit passengers gti 4 1, 401, 980 28. 2 7.0 309, 684 | 6.2 884, 034 17.8 2, 027,099 | 40.8 | 4, 968, 325 | 100.0 
{a “TH | 2, 889, 296 8 9 1, 066, 959 10. 7 627. 705 6.3 449. 750 14.5 3, 962, 222 39.6 9, 995, 932 100.0 
\utomobile drivers | 1, 110, 178 31.5 309, 475 8.8 296, 569 8.4 438, 527 12.4 1, 370, 171 38.9 3, 524,920 | 100.0 
Automobile and taxi passenge rs_|| 500, 000- 289, 710 16 6 402, 040 23. 0 145, 159 8.3 156, 448 9.0 753, 517 43.1 1,746, 874 | 100.0 
Mass-transit passengers - it | 1 000000 6 983, 146 33.0 184, 998 6.2 201, 002 6.8 190, 078 6.4 1, 418, 248 47.6 2,977,472 | 100.0 
| Total. | 2, 383, 034 28.9 896, 513 10.9 642, 730 7.8 785, 053 9.5 3, 541, 936 42.9 %, 249, 266 | 100.0 
| Automobile drivers. -_- | 234,358 | 33.9 72, 134 10.4 8, 241 8.4 84,678 | 12.2 35.1 692, 277 | 100.0 
\utomobile and taxi passengers. | 250), 000- | 70, 884 16.9 110. 151 26. 3 34.775 g 2 31, 456 7 & 11.0 419. 462 | 100.0 
Mass-transit passengers 500, 000 3 175, 776 30.2 52, 309 9.0 2, 057 7.2 60, 348 10.4 43.2 581,761 | 100.0 
J 
| ee eee | | 481,018 28.4 234, 594 13.8 135, 073 8.0 176, 482 10.4 666, 333 39 4 1, 693, 500 | 100.0 
Automobile drivers_____ 888, 964 30. 4 287, 031 9.8 270, 770 9.3 433, 692 14.8 1, 042, 586 $5. 7 2, 923,043 | 100.0 
\utomobile and taxi passe nge rs. 100, 000- 264, 644 16.0 428, 819 25. 9 146, 796 8.9 116, 747 re 696, 795 42 1 1, 653, 801 | 100.0 
Mass-transit passengers. - 250, 000 20 | 330,220 | 26.3 115, 567 9.2 104,161 | 8.3 108,051 | 8.6 596,264 | 47.6 | 1,254,263 | 100.0 
Total. | { 1,483,828 | 25.4 831,417 | 14.3 21,727 | 8.9 658,490 | 11.3 2,335,645 | 40.1 5,831,107 100.0 
(Automobile drivers. ’ 242, 565 30. 0 87, 961 10.9 65, 073 8.0 117, 711 14 6 294, 964 36.5 898,274 = 100.0 
Automobile and taxi passenger rs 50, 000 79, 696 17.5 120, 083 26.3 35, 941 7.9 24, 855 5.5 195, 281 12.8 455,856 | 100.0 
\Mass-transit passengers , 100; 000 12 ‘ 110, 197 29. § 33, 696 9. 1 28, 778 7.8 14, 280 6.6 172, 236 46.7 369,187 | 100.0 
Total | | 432. 458 6.5 241, 740 14.8 29 792 ) 166, 846 10.2 662. 481 40 6 1, 633, 317 100.0 
Automobile drivers : 60, 480 29.0 29 449 10.8 18, 844 d( 45, 369 16 9 71, 680 34 3 208, 822 ; 100.0 
Automobile and taxi passenge rs. Fneahiens 16, 414 13.9 38, 750 32.9 9, 440 8. 0 , 720 19 47, 368 10.3 117,692 | 100.0 
\lass-transit passengers , “. 000 . 12,784 | 26.6 4, 389 9.2 1,753 | 9.9 3, 670 7.6 22, 423 16.7 48,019 | 100.0 
Total | 89, 678 24.0 65, 588 17 $3, 037 8.8 44, 759 11.9 141, 471 37.8 374,533) 100.0 
Automobile drivers. __-...._--- 3,679,848 323 1, 079, 942 9 110, 831 8.0 1, 524, 373 13.4 4,187,918 368 11,382,912 | 100.0 
\utomobile and taxi passengers. 1, 065, 361 7.2 1, 520, 382 24 188, 798 7.9 186, 546 7.9 2, 624, 629 42 5 6,195, 716 | 100.0 
\lass-transit passengers sels All groups 50 | 3, 014, 103 »g 36, 487 7.2 690, 435 6.8 1, 270, 461 12 5 4, 487, 541 44 0 10,199,027 , 100.0 
| a Se Se eee | L 7, 759, 312 27.9 3, 336, 811 12.0 2, 090, 064 7.5 3, 281, 380 11.8 11, 310, O88 40.8 27, 777, 655 | 100.0 
: . tai iti in indivi Table 6.—Percentage of tri fi ‘ach tri se in six lati ips, classified 
nder certain conditions and in individual Fe . ercentage o rips tor ¢€ ac 2 trip purpose in six population groups, ssifec 
Jikes, Wastin eovteuada wee avn ta the according to mode of travel 
ippendix on page 120. 
Mode of travel 
t . m oe Number : eae ee 
Summary for 50 Cittes Purpose of trip Popu up of cities | Auto- Auto- Mass- 
si mobile | mobile | transit Total 
drivers , and taxi passengers 
. . . : assengers 
\ll of the internal trips by residents of the —— 
0 urban areas have been combined in table 4 
: : , i Work and business 39.6 11.9 48.5 | 100.0 
ind classified according to the 5 purposes and Social and recreation 28. 2 39.4 32.4 | 100.0 
aes ies ; Shop ee ee 32.1 18.6 19.3 100. 0 
s modes of travel. Of the total trips number- Aienitlamncun ,000,00 Lo { OR 6 10.4 61.0 | 100.0 
ng almos 28 illion, trips by utomohbile Home 2 29. 4 19.4 51.2 100.0 
2 Imost million, trips by automobile il pasweans 32 3 18.0 19.7 100.0 
irivers accounted for the largest share and 
vine elbinelt tn: euties Sx Guenedeeih ue Work and business | 6 122 41.2 | 100.0 
were ohowed in order dV mass-transl pas- Social and recreation 34.5 14.9 2. 6 100.0 
sengers and automobile and taxi passengers. Shop _- 500,000-1,000,000 ’ 46.1 ra. 6 31.5 | 100.0 
a 8 d aut bil > oe Miscellaneous tit had ha ; 55.9 19.9 24.2 | 100.0 
Homeward-bound trips predominated among Home 38.7 21.3 10.0 100. 0 
. : . ie : All purposes 42.7 21.2 36.1 100.0 
five major trip purposes; work and business 
trips ranked second, and were followed by Work and business 48.7 14.7 36.6 100. 0 
P : : i, oy ‘ Social and recreation | 30.7 47.0 22. 4 100.0 
social-recreational, miscellaneous, and shop- Shop +950,000-500,000 ‘ 43.1 25.7 31.2 100.0 
on twine tn the le Miscellaneous ‘games " 3 48. 0) 17.8 34. 2 100. 0 
ug trips in that order. Home 36.5 25.8 37.7 100.0 
: ‘ All purposes 10.9 4.8 34.3 100.0 
\lthough automobile drivers represented purp 
sredominant travel mode, mass-transit Work and business { 59.9 17.8 22.3 100.0 
I ; : Social and recreation 34.5 51.6 13.9 100.0 
passengers traveling home constituted the Shop __- 100.000-250,000 20 51.9 28.1 20.0 | 100.0 
rges le rpose category, ace ting Miscellaneous aoe Z 65.4 17.7 16.4 100. 6 
irgest mode-purpose category, accounting iHome 44.7 99.8 25 5 100.0 
nearly one-sixth of all trips. Homeward- All purposes 0. | 28. 4 a. 100.0 
bound automobile drivers followed closely Work and business 56. | 18. 4 25.5 100. 0 
r . : 3 y Social and recreation 36.4 19.7 13.9 100. 0 
th 15 percent of all trips; automobile drivers Shop ee : 12 50. | 27.7 22. 2 100. 0 
savaele RR EE Oy BNC perce econ hace ee Miscellaneous ‘i alae ata = 70. 14.9 14.5 100. 0 
vork and busine 8s trips, 13 percent; mass oso ei <s ap ne 
transit passenger trips to work and business, All purposes 19.5 27.9 22.6 100. 0 
percent; and automobile and taxi passen- fark and iunineea ) 67.4 18.3 14.3 100. 0 
gers ( hej ay m ¢ sree The Social and recreation | 34. 2 59. 1 6.7 100.0 
on the ir way home, 9 percent. ¥ ‘ — | eae Ps 4 a 108.6 
uaining individual mode-purpose categories Miscellaneous { 79.0 12. 8.2 100.0 
- Hom ; 50. 7 33.5 15.8 100.0 
ounted for 5 percent or less of the total ” All purposes 55.8 314 12.8 100.0 
a Work and business 47.4 13.7 38.9 100. 0 
“hese ree ‘ » i “} j > ‘ Social and recreation 32. 4 45.5 22. 1 100.0 
These percentage distributions of the total Shop | : ee os 4 ae 100.0 
by purpose and mode of travel are also Miscellaneous 16.5 14.8 38.7 100.0 
Sa - ‘ Home 37.0 23.3 39.7 100.0 
shown in figure 2. In this chart the area of All purposes 11.0) 22.2 36.8 100.0 
h reetangle and the percentage shown 
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therein represent the relation of the number of 
trips in each mode-purpose category to the 
total number of trips. Upon examining the 
horizontal bars for each mode of travel, it is 
seen at a glance that a larger proportion 
of automobile drivers were on work and busi- 
ness trips than mass-transit passengers, but 
relatively more transit passengers were going 
Also, proportionately 
automobile and taxi passengers were on social 
and recreational trips than was the case with 
either of the other travel 
This chart, of course, is not typieal of any 


home. many more 


two modes of 


particular city, but represents all of the trips 
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made in the 50 urban areas by residents of 
these areas on a typical weekday during the 
various periods studied. 


Distribution of Trips by Population 
Groups 


In table 5 the trips are shown by population 
groups of the urban areas in which they were 
made. Almost 10 million trips are accounted 
for in the 1 million and over population group 
and nearly 375,000 trips in the smallest group, 
which is for cities of less than 50,000 popula- 
tion. The various 


number of trips in the 
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cells ranged from 
4,000 to more than 2 million. 


Purpose distribution 


A pattern of uniformity for trip purpos 
among all population groups is observed i 


table 5. Generally, there was no pronounce: 


trend in the 
from 


purpose 


one population 


Exceptions to this observation 


distribution of 


group to 


anothe 


trip 
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Figure 3.—Percentage distribution of trips according to purpose, and further classified by mode of travel 
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population decreases, but 


} 


did 


these trends 
ot hold for the individual modes of travel. 
The slight effect that city size apparently 
as on the percentage distribution of trips by 
surpose is portrayed in figure 3. For each of 


ie six population groups and for each mode 
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of travel, home trips were the most common, 
accounting for about two-fifths of the trips in 
all categories. This is not unexpected since 
hdme is the return trip destination of the 
great majority of trips. Work and business 
trips ranked second in all population groups, 
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totaling about 28 percent of the trips for all 
purposes. 

In the largest population group, trips for 
miscellaneous purposes ranked third, social 
recreational trips next, and shopping 
This same ranking held for auto- 


and 
trips last. 
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Figure 4.—Percentage distribution of trips according to mode of travel, and further classified by purpose and population group. 
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Table 7.—Range in percentage of trips for each trip purpose by each mode of travel in six 
population groups 





Mode of travel 
Work and 
business 


Automobile drivers 


Maximum. 67.4 

Minimum. ---- —_ 39.6 
\utomobile and taxi passengers: 

Maximum. .- : 18.4 

Minimum _-_-_-_-- : 11.9 
Mass-transit passengers: 

Maximum.._-___- 18.5 

Minimum. - . ; : 14.3 





Percentage range, by mode of travel, in trips made for purposes of - 
Social and Shop Miscel- Home All pur- 
recreation laneous poses 

36.4 57.0 79.0 50.7 55.8 
28. 2 $2, 1 28.6 29.4 32.3 
59.1 28. § 19.9 33. 5 31.4 
39. 4 18.6 10.4 19. 4 18.0 
32.4 49.3 61.0 51.2 49.7 
6.7 14.4 8,2 15.8 12.8 








mobile-driver trips in each of the population 
groups. Although not shown in the tables of 
this article, a study of the basic data revealed 
that the relative importance of miscellaneous 
trips was largely due to the number of auto- 
mobile drivers who traveled for the purpose 

Also in the larger 
change-mode-of-travel 


of serving passengers. 


cities a number of 
trips by mass-transit passengers were classified 
as miscellaneous. In the other population 
considering — all travel, 
third, 


purposes. 


modes of 
trips ranked 
miscellaneous 


groups, 
recreational 
trips for 
Among the automobile- and taxi-passenger 


social and 


ahead of 


trips, those for social and recreational purposes 
ranked second, above work and business trips, 
and accounted for one-fourth of all trips by 
this Of the three principal modes, 
automobile and taxi passengers showed the 
greatest variation among the different popu- 


mode. 


lation groups in trips to work and business 


and for social-recreational purposes, but the 
least variation in home trips. 
Home was the most frequent objective of 


mass-transit passengers in all population 
groups. Work and_ business trips ranked 
second. For reasons which have been men- 


tioned, miscellaneous trips were 


important among transit passengers in the 
largest 


relatively 
cities, but in all other population 
groups social-recreational and shopping trips 
as important 
laneous purposes. 


were about as trips for miscel- 


Mode distribution 
The 


mode of travel in the six population groups, 
shown in table 6, indicates that as the size of 


percentage distribution of trips by 


city increases the proportion of mass-transit 
trips generally increases with a corresponding 


decrease in automobile trips. With some 


Table 8.—Average number of trips per city in each population group classified according 
to trip purpose by each mode of travel 














Average number (in thousands) of trips per city made for purposes of 
Number of 
Population group cities | | 
Work and | Social and Shop Miscel- Home Total 
business | recreation laneous 
\UTOMOBILE DRIVERS 
l eal | | 
1,000,000 and over 4 286 75 50 104 291 SO} 
500,000-1,000,000_ . } 6 185 52 19 73 | 228 ART 
250,000-500,000 noun --| 4 78 24 20 28 81 231 
100,000-250,000 i 20 14 14 14 22 52 146 
50,000--100,000 ; - 12 2» 7 5 10 25 67 
Less than 50,000 5 12 5 4 7 l4 2 
All groups a BO 74 22 18 30 84 228 
AUTOMOBILE AND TAXI PASSENGERS 
1,000,000 and over ‘ 86 | 105 29 38 192 150) 
500,000-1 000,000. - t is | 67 24 26 126 291 
250,000- 606,000 ‘ 3 24 37 12 10 57 140 
100,000 250,000 20 13 22 7 it) 35 83 
50,000- 100,000 12 ry 10 8 2 16 38 
Less than 50,000 5 3 s 2 1 lo 24 
All groups W) 21 30 10 10 58 124 
MAss-TRANSIT PASSENGERS 
1,000,000 and over { 350 SH aa 221 507 1, 241 
500,000-- 1,000,000 6 1ti4 31 $4 32 236 17 
250,000--500,000 3 9 17 4 20 84 104 
100,000- 250,000 ; 2 17 6 ) 5 30 63 
50,000 100,000 12 9 4 2 2 14 30 
Less than 50,000 5 3 1 l 1 4 1) 
All groups w 60 15 14 25 ow 204 
ALL MOnEs OF TRAVEI 
1,000,000 and over i 722 266 156 863 990 2, 497 
500,000- 1,000,000 f 307 1) 107 131 590 1,375 
250,000 500,000 3 161 78 tt) 58 299 MOF 
10),000- 250,000 | 20 74 42 25 33 117 292 
50,000 100,000 12 st) >) 10 14 55 135 
Less than 50,000 1S 14 ry i) 28 7 
\ll groups ct 155 67 42 65 227 a0) 
112 





minor exceptions, this trend occurred amo: 
trips in each purpose category. 

The mode-of-travel pattern by population 
groups is shown in figure 4. For all purposes 
combined, the proportion of trips by mas: 
transit passengers ranged from 50 percent in 
the cities with over 1 million population to 13 
percent in the less than 50,000 population 
group. On the other hand, trips by auto- 
mobile drivers ranged from 32 to 56 percent 
and automobile and taxi passengers, from | 
to 31 percent. On the basis of individu 
trip purposes, the ranges among populatio 
groups were much greater in some 
seen in table 7. 

It is evident from figure 4 that the privatel, 
owned automobile, considering both driver- 


maSeS, 4S 


and passengers, was the predominant choic: 
for trips to all purposes in cities of less than 
million population. Automobile travel was 
also greatly preferred for social and recres- 
tional trips by residents of cities in the 
million or more population group. 


Average trips per city 


Table 8 contains the number of interna 
trips made by residents by each mode of travel 
and for each trip purpose in the average cits 
within each pcpulation group. Although thx 
figures are pure arithmetic means of the tots 
trips made in the cities within each popula- 
tion group, the volumes are indicative of what 
might be expected in other cities of similar 
size. Of special] note is the regularly increas- 
ing volume of trips for each trip purpese fron 
the smallest to the largest population gro 
for each mode of travel. 

However, there appears to be a near maxi- 
mum volume of automobile-driver trips for 
shopping purposes when cities reach the 
500,000-1,000,000 population size. In cities 
of 1 million population and over, trips made bh 


automobile drivers for shopping purposes 
exceeded those in the 500,000-1,000,000 
population group by less than 2 percent 


This is reflected in table 6 which shows that 
automobile drivers made only 32 percent of tli 
shopping trips in the largest cities as compared 
with 46 percent in the next smaller popula- 
tion group. This difference may be explained 
partly by the inability of the downtown 
shopping districts of large cities to 
accommodate automobile drivers and partl) 
by the increased availability of transit facili- 
ties and taxicabs, particularly around tl 
densely populated areas in the vicinity of tly 
central business district. 


very 


Distribution of Trips by Individual 
Cities 


The number of trips by residents according 
to purpose in each of the 50 urban areas are 
presented in tables 9 and 10 for automobile 
drivers, autemobile and taxi passengers, m:ss- 
transit passengers, and for all modes of travel 
In these tables the cities are listed in descend- 
ing order of population size at the time of t! 
The general tendency for 4 
greater volume of trips in the more populou- 
urban areas agrees with the same relationshi} 
already mentioned in the discussion of populs- 


basic survey. 
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tion groups, but in the case of individual cities is noteworthy, and conversely the relatively variations which are not readily apparent in 
several exceptions are apparent. The more — small number of automobile-driver and auto- the tables of absolute trip volumes. 
: obvious exceptions are readily noticed. mobile- and taxi-passenger trips in the same The large percentage of trips for miscel- 
The residents of San Juan made far fewer cities. In Houston there was an exceptionally laneous purposes in Philadelphia again reflects 
automobile-driver and automobile- and taxi- large volume of trips by modes other than the volume of trips made by mass-transit 
i . " 
passenger trips than persons living in main- mass transit, particularly for shopping and passengers for the purpose of changing mode 
land cities of the same size. This relatively miscellaneous purposes. A large number of of travel. In Wisconsin Rapids the high per- 
small number of trips existed throughout all automobile trips for all purposes is noted in’ centage of miscellaneous trips may be ex- 
the major purposes, but applied particularly Grand Rapids and Wichita. However, the plained by the fact that over 90 percent of the 
g to shopping trips. The abnormally high _ relative stability of work and business trips miscellaneous transit trips in this small Wis- 
number of trips made in Philadelphia for mis- and homeward-bound trips is significant consin city were to school. Madison, Wis., : 
cellaneous purposes may be related to the throughout all cities. university city, also had a relatively large 
4 large number of mass-transit passenger trips p sseteibuts proportion of trips to schoo). The percentage 
: : . urpose distribution , . : \ x 
for the intermediate purpose of changing po comet of work and business trips is especially high 
mode of travel. In the St. Paul-Minneapolis The percentages of trips for each purpose’ in St. Louis, particularly among automobile 
: area, an unusually large number of trips for in each of the 50 urban areas are presented in and taxi passengers. This is undoubtedly due 
social and recreational purposes were made by figure 5. Although generally displaying a in part to the time of the survey which was 
automobile. pattern of uniformity in the percentage dis- begun just before the end of World War IT. 
i The high volume of mass-transit passenger tribution of trip purposes within each city, There are other extremes of more or less 
trips in Philadelphia, St. Louis, and Honolulu this chart reveals several proportional trip importance, such as the relatively small pro- 
Table 9.—Number of trips by automobile drivers and automobile and taxi passengers in each of 50 cities in six population groups, classified 
according to trip purpose 
Number of antomobile-driver trips made for purpos« f Number of automobile- and taxi-passenger trips made for 
purposes of 
i City Population a ee ee ee eT ae 5 a 
| group 
: Work and | Social and Shop Miscel- Home Total Work and Socialand Shop Miscel- ome Total 
t\ business | recreation laneous business | recreation laneous 
Philadelphia, Pa_, _---- 301, 490 69, 502 32, 648 72, 6 253, 419 729, 714 94, 494 23, 336 45, 475 180,142 | 420, 158 
Mi San Francisco, Calif_- 423, 673 113, 942 &6, 146 208, 899 388, 421 | 1, 221, OR1 163, 3863 7, 283 51,975 260, 284 640, 622 
ia- Newark, N. J _-- . 1,000,000 and 223, 849 56, 575 36, 654 47, 579 278, GOT 643, 248 66, 022 21, 021 20, 164 154,154 | 326,874 
Washington, D. C_.__-- over. 194, 301 60, 873 45, 886 85, 263 145, 210 631, 5 96, 660 25, OAT 33, 706 174,892 | 414, 377 
at —— - - ‘ . a 
‘at Total -.. ae 1, 143, 303 300, 892 201, 334 414,396 | 1,165,651 | 3,225, 576 44. O13 420, 539 116, 687 151, 320 769, 472 (1, 802, 031 
1S- St. Louis, Mo_. 167, 0O1 21, 747 18, 806 216, 635 155, 384 0, 253 12, 054 4, 526 2, 931 45,719 95, 483 
St. Paul-Minneapolis, 249, 043 53, 954 109, 868 285, 156 783, 242 56, 491 128, 090 31, 694 22, 648 178, 663 417, 586 
mn Minn. 
Baltimore, Md- 500,000- 148, 682 21, 055 22, 263 136, 185 348, ARO 14,871 35, 016 13, 278 18, 835 91,386 | 203, 386 
Houston, Tex 1)” 100.000 28:5, 079 114, 278 161, 984 M8, 703 | 1,030, 617 83, O45 112, 089 60, 187 69,110 | 242,110 | 567, 441 
Dallas. Tex......- . Te ‘ 148, 116 61, 217 89. 696 208, 231 552. 890 1), 81 68, 188 22, 573 33, 700 115,969 | 281,244 
Seattle, Wash. -- 124, 257 24,318 35, 910 135, 261 354, 207 3, 336 46, 603 12, 901 9, 224 79,670 | 181, 734 
for oo) _————e 1,110, 178 309, 475 296, 569 438, 527 | 1,370,171 524. 920 2K. 710 102, 040 145, 159 156, 448 753, 517 |1, 746, 874 
he Portland, Oreg_. F 143, 170 41, 536 Bi, tie 55, 454 $18, 704 34, 619 69, 522 20, 424 9, 722 RY. 206, 22:5, 493 
: Norfolk, Va_.- | 80, 240 26, 500 19, OSO 24, 220 2,71 242,750 1 O60 31, 990 12, 940 18, 180 70, 360 164, 430 
les San Juan, P. R......- 250,000-500, 000 10, 048 4, OWS 1, 389 5, O04 9, 384 O82 5, 805 &, 639 1,411 554 12, 630 $1, 539 
Dy oc = 234, 358 72, 134 58, 241 84, O78 242, 866 692, 277 70, S84 110, 151 34,775 31, 456 172,196 | 419, 462 
Sie Wichita, Kans-_- 26, 936 37, 051 67, OSS 131, 879 572, 096 41,478 32, 520 19, 857 21,355 199 
10 Grand Rapids, Mich- 34, So9 44, 889 ag ATR 111. 004 09, 4] 29 531 57. 674 18, 282 9177 Is! 
' Honolulu, T. H-_.--- 29, 282 14,118 27, $95 #3, 200 174, 704 15, 335 $3, 022 9, 644 11, 707 144, 
a Sacramento, Calif --- 16, 968 21, 702 69, 840 215, O7 18, 328 21, 922 10, O78 6, 801 YS, § 
hat Salt Lake City, Utah... 15, 343 &, 40 51. 126 132.2 15, 728 23. 765 5 OK) 173 gh 
Wilmington, Del- 11, 243 7 OF 38, 561 110, 481 116 17,014 S15 6, 384 75, 
the Phoenix, Ariz 21, 784 3%, 252 7S, O69 236, 960 17, 834 31, 533 16, 397 12, 997 128, 
wail Tacoma, Wash. 11,381 8, 118 40, 429 112, 471 8.843 13, 892 3, YSH 204 5l, 
ret Spokane, Wash--- 9, 028 . 94 42. 510 17, 512 8, TO 10, 201 974 70 is, 
ila- Scranton, Pa_-- 278 2,817 21, 926 1, 769 79 10, 249 , 430 2 38, 
Duluth, Minn., Superior, | 34, 449 10, 559 7, 424 1, 458 0), 979 4, 230 23, OO6 ,18 2, 582 66, O16 
ied Wis. | }100,000-250,000 
7 Chester, Pa , } 15, 279 } 4, 023 1&4 21. 601 50. 606 6. 694 6. O57 1, 243 15, 022 32, 045 
wns Tueson, Ariz. __- 45, 830 14,3 17, 110 £3, 720 13. 510 154, 51 1, 565 2), 942 s, 144 31, 832 81, S70 
to Lansing, Mich__- -| 46, 857 | 12, 14, 461 93, 259 16, 800 143. 580 10, 893 19, 009 5 LR 66, LGS 
Reading, Pa... -_- 24, 896 ‘19 2 SIS G43 21, 022 60. 906 6, 579 4, 229 2, 2 2, 414 
Us Albuquerque, N. Mex_- 38, 940 14, 575 10, 769 19, S88 15, 287 129. 459 11, 258 27.04 +. OS SU, 278 
ili Rockford, Hl__- sal |} 47,261 17, 5¢! 11, 932 13, 891 65,040 | 155,71 12) ORS 22) 768 2.179 7.307 | 83, 59 
- Saginaw, Mich- oa | 40, 051 10, 16, O68 25, 206) 50, 860 142. S89 11,176 18, 900 1, 539 0, 068 71, 989 
the Madison, Wis_- 31, 980 9, &, 359 4) 729 33.9 104, 24 &. ( 15,314 6, 334 OL, 128 55, O16 
: Harrisburg, Pa- F 25, 130 6 5, 121 474 25, 130 70, 912 (i, 222 9, 757 1, 527 15, S04 5, 71 
Total... SSS, G64 287, 031 270. 770 133,692 | 1,042,586 | 2, 923, 043 264, 644 128, 819 1 116, 747 606,795 1, 653, 801 
Johnstown, Pa_.- 13, 488 1,356 Qs4 13, 956 10, 728 3, O81 6, 183 1, It 4, 039 22, 464 
Altoona, Pa- , 16, 224 6, 206 6, S68 ”) O40 55. One . O3¢ 9, 054 aah 13. 811 31, 169 
val Muskegon, Mich 24, 158 12, 721 11, 359 2, 209 NT, 41 &, SUS 21, 526 2, 109 25, 787 62, 29 
Pontiac, Mich—- . 22 OSD », SOO 13.19 OT 648 74. 39 Q 680 Q 669 2 03 14, 326 $4, 450 
Columbus, Ga- 17, 602 5, 507 25, 658 Hl, S61 8,377 4, 227 2, 929 13, 3% 30, 854 
Racine, Wis a 25, 117 8, 384 27, 210 84, 789 , 42 11, 721 sit 15, 862 5S, OTF 
Macon, Ga. - 17, 645 1, 953 6,13 21,2 49, 517 8, 413 711 1,477 14, 27 3), OK 
ling York, Pa__- i 50,000-100,000 33° B51 a) oo 13.841 7 87 40) 9. 377 9 ORD » 4 16. 999 41.197 
Charleston, S. C_ ca 13. 227 5, 957 $, 222 18, 72 S44 #, 203 &, H62 1,071 14, 493 33, S64 
are Kalamazoo, Mich__-.---- 24, 162 10, 237 10, 141 0, OL 1, 780 6, 424 11, 464 2,757 17, 568 41, 436 
hile Bay City, Mich aie 21, 4380 13, 660 16, 461 2 844 170 ( l 1S, SS4 3.169 2) QRS 55. 48 
= Williamsport, Pa- = 13, 772 5, 304 8, 198 17, 890 8, O72 f2 902 1, O88 10, 14 22, 57 
r Total ._. eee 242, 565 87, 961 65, O73 17. 72) 204, U4 RUS, 274 79, HOF 120, O83 O41] 24 8 195, 28] 155, Sit 
d- Fargo, N. Dak., Moor- 22, 435 7, 795 3, 996 12, 797 22, 502 69, 525 ti, 286 18, 315 2, 286 1,747 17, 950 46, SS4 
head, Minn. 
the Sharon-Farrell, Pa-_- 12, 103 5, 267 1,848 7, 209 15, 508 14, 936 174 8, dtd 2, 306 69S 10, 916 25, 458 
Norristown, Pa-_-_- Less than 7, O97 3. 168 1, 754 }, 310 11, 949 27, 308 . 046 2, 927 AAG 801 6, 464 14, 124 
A \ppleton, Wis. . 50,000. 13, 309 4.277 6, O58 7, 929 14,945 $64, 518 2. 506 6, 895 5, 056 1, 154 8, 631 22, 242 
us Wisconsin Rapids, Wis--- 5, 536 1,912 2, 188 4,124 i, 776 20), 536 1, 402 2, 249 906 1, 320 3, 407 Q, 284 
hit Potal....-... se 60, 480 22, 449 18, 844 55, 369 71, 680 208, 822 16, 414 88, 750 9, 440 5, 720 17,368 117,692 
1a Grand total All groups. --.! 3,679,848 | 1,079, 942 910,831 | 1,524,373 | 4,187,918 11,382,912 | 1,065,361 | 1, 520, 382 488, 798 186,546 | 2,634,629 6,195, 716 
ADS 
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portion of work and business trips in Honolulu, 
Muskegon, and Bay City, which, in a sense, 
are somewhat offset by social and recreational 


trips. However, in spite of these variations 
among individual cities, the overall effect is to 
reemphasize the essentially uniform pattern 
of trip purposes among the population groups. 

Though not shown in this article, similar 
data also were developed for each separate 
mode of travel. In most cities the combina- 
tion of work-business and home trips ac- 
counted for about 70 percent of all automo- 
bile-driver trips as well as mass-transit pas- 
senger trips, with social-recreational and 
shopping trips each accounting for another 7 
to 10 percent. On the other hand, trips by 
automobile and taxi passengers were more 
frequently made for a social or recreational 
purpose rather than work or business. Social 
and recreational trips generally amounted to 


one-fourth of the total trips by passengers in 
automobiles and taxis. 

Among automobile drivers, trips to home 
comprised the major portion of the travel in 
41 cities. Work and business trips ranked 
second in these cities and were foremost in 
the other nine cities. 

Homeward-bound trips also ranked first 
among automobile and taxi passengers in all 
cities except one. In the Fargo-Moorhead 
area, social and recreational trips ranked first 
for this mode of travel. In all but 10 of the 
remaining 49 cities, social-recreational trips 
ranked second and were followed by work and 
business trips. This order was reversed in 
the remaining 10 cities. 

The pattern of trip purposes for mass- 
transit passengers resembled the automobile- 
driver pattern more than that of automobile 
and taxi passengers, but among transit pas- 





sengers, home trips predominated in all cities 
without exception. Work and business trips 
ranked second in all but two cities, Philadel- 
phia and Wisconsin Rapids, where changing- 
mode-of-travel and school] trips caused the 
miscellaneous group to exceed work and busi- 
ness trips. 

The composite of all modes of travel fol 
lowed the pattern of mass-transit passengers 
with home trips predominating in all cities, 
followed by work and business trips in all but 
Honolulu and Bay City, where social-recrea- 
tional trips ranked second. 

These consistencies in trip patterns suggest 
the possibility of utilizing the present data 
in making estimates in cities where surveys 
have not been completed. Although th« 
ranking of trip purposes is fairly uniform, the 
limits of the individual percentages show wid: 
variations not directly related to the size of 


Table 10.—Number of trips by mass-transit passengers and by all modes of travel in each of 50 cities in six population groups, classified 


according to trip purpose 


























































































































Number of mass-transit passenger trips made for purposes of— | Number of trips by all modes of travel for purposes of— 
Population ee eee ee ees ee en ae See ae ee EAE? A io) Ae es. 
City group 
| Work and | Secial and Shop Miscel- Home Total Work and | Social and Shop | Miscel- Home Tctal 
| business | recreation laneous | | business | recreation | laneous 
| | | 
‘ ae oe ~ — + — ‘meres SS a Ack DEeRGIl GREER tine ae 
Philadelphia, Pa | 583, 557 35, 154 126,102 | 692, 382 | 861,013 | 2,398, 208 961, 758 299, 150 182, 086 | 810, 512 | 1, 294, 574 |3, 548, 080 
San Francisco, Calif 296, 825 79, 652 | 66, 397 | 86, 241 414, 667 943, 782 5 | 356,957 | 199,826 | 347,115 | 1,063,372 |2, 805, 485 
Newark, N. J : 1,000,000 and 284, 434 | 78, 023 78, 313 | 54, 244 453,361 | 948,375 6 | 200,620 | 135,988 | 121,987 | 886,116 |1, 918, 497 
Washington, D. C_. over, 237, 164 | 52, 699 | 38, 872 | 51, 167 298, 058 677, 960 210, 232 | 109, 805 | 170, 136 | 718, 160 |1, 723, 870 
Total__. 1, 401, 980 | 345,528 | 309, 684 | 884, 034 | 2,027,099 | 4, 968,325 | 2, 889, 296 | 1, 066, 959 627, 705 | 1, 449, 750 | 3, 962, 222 19, 995, 932 
| | 
St. Louis, Mo 428, 806 | 69, 1: 70, 793 | 30, 495 562, 209 1, 161, 437 626, 060 | 12, 383 | 97, 066 52, 232 824, 563 11, 712, 304 
St. Paul-Minneapolis, 137, 017 29, 327 33, 728 | 30, 394 201, 235 | 431, 701 | 442, 551 242, 638 119, 376 162, 910 665, 054 |1, 6 32, 529 
Minn. | } 
Baltimore, Md Il so9 on 201, 560 44,77 46, 233 307,263 | 642,751 | 385,113} 110, 184 77, 255 331 534, 834 |1, 194, 717 
Houston, Tex - 1.000.000 66, 022 8, 630 44, 125 119,265 | 252, 269 433,046 | 203, 292 188, 692 oe 219} 750,078 |1, 850, 327 
Dallas, ‘Tex__- iit tits 68, 066 7, 421 22, 299 95,968 | 206,071 256,996 | 121,239) 96,107 145,695 | 420, 168 |1, 040, 205 
Seattle, Wash 81,675 | 25,713 16, 532 132,308 | 283, 243 | 239, 268 | 106, 77 | 64, 23 61,666 | 347,239 | 819, 184 
—_ — — - 7 —_ SSS ee - - - EE —_— _ — — ae | ee - — = —E — 
Total 983,146 | 184, 998 201,002} 190,078 | 1,418, 248 | 2,977,472 | 2,383, 034 | 896, 513 642, 730 785, 053 3, 541, 936 Is, 249, : 266 
} | | | | 
Portland, Oreg 75, 407 27,190 24, 837 | 10, 838 110, 779 249, O51 253, 196 138, 248 | 83, 033 | 76, 014 340, 757 891, 248 
Norfolk, Va 40, 920 | 8, 230 7, 180 | 6, 060 | 55, 350 | 117, 740 52, 120 66, 720 39, 200 | 48, 460 218, 420 524. 920 
San Juan, P. R 250, 000-500, 000 59, 449 | 16, 889 10, 040 | 43, 450 | 85,142 | 214, 970 5, 702 29, 626 12, 840 | 52,008 | 107, 156 77, 332 
Total...-- | 175, 776 | 52, 309 | 42,057 | 60,348 | 9-251, 271 | 581, 761 481, 018 234, 594 135,073 | 176,482 | 666, 333 |1, 693, 500 
| | | 
Wichita, Kans 18, 508 | 3, 484 5, 349 8, 927 31, 441 | 67,709 | 169,128 62, 940 62, 257 97, 370 247,324 | 639,019 
Grand Rapids, Mich 23, 407 | 6, 942 | 5, 704 | 3, 331 34, 176 73, 560 135, 431 | 99, 475 58, 875 | 52, O86 | 222, 621 568, 488 
Honolulu, T. H 34, 179 18, 845 | 9, 064 7, 7ol | 82, 366 162, 205 89, 614 | 91, 149 32, 826 | 57,453 | 210,018 | 481,060 
Sacramento, Calif 14, 517 | 3, 708 | 3,917 8, | 27, 344 5R, 256 | 100, 647 | 42, 598 35, 697 54, 331 138,314 | 371, 587 
Salt Lake City, Utah 21, 079 | 7, 642 6, 332 | 3, 735 | 35, 060 73, 848 81,019 | 46, 750 20, 421 19,981 | 123, 524 | 291, 695 
Wilmington, Del 28, 532 | 9, 317 6, 551 7, 244 | 46, 242 97, S86 81, 503 | 37, 574 17, 641 29, 505 117,832 | 284,055 
Phoenix, Ariz 15, 863 5, 046 5, 484 10, 897 | 34, 028 5 96, 178 | 58, 363 | 54, 133 | 66, 268 | 161, 696 436, 638 
Tacoma, Wash 14, 967 4,724 4, 742 | 5, 340 | 25, 400 | 55, 173 | 61, 758 | 29, 997 16, 846 | 23, 229 | 87, 573 | 219, 403 
Spokane, Wash 14,915 | 4, 979 6,177 | 5, 057 | 32, 090 | 63, 218 | 55, 883 | 24, 208 16, 115 | 15, 875 | 96, 687 208, 768 
Scranton, Pa 15, 765 9, 282 14, 017 1, 960 40, 238 | 81, 262 | 38, S86 24, 809 20, 264 | 7, 344 | 80, 315 171, 618 
Duluth, Minn., Superior, | | 
Wis : 100,000- 250,000 4 17,648 7, 244 | 4, 953 | 2, 468 27, 658 | 59, 971 61, 327 40, 809 17, 560 18, 139 85,131 | 222, 966 
Chester, Pa 8, 197 1, 922 | 2,311 | 3, 057 12, 680 | 28, 167 30, 170 12, 839 9, 143 49,303 | 110,818 
Tueson, Ariz ‘ 2, 490 2, 640 5, 590 16, 290 | 34, 320 64, 705 | 37, 772 37,454 | 101,632 | 270, 700 
Lansing, Mich 5 | 2,719 2, 583 3, 797 14, 478 | 32, 120 66, 293 33, 940 | 32, 248 | 86, 961 241, 907 
Reading, Pa_. } 4, 907 4,731 3, 552 32, 885 69, 792 | 55, 192 13, 313 13, 547 65, 835 157, 112 
Albuquerque, N. Mex | 3, 597 3, O69 2, 266 15, 290 | 32, 890 58, 866 | 45, 217 26, 239 | 93, 714 242, 627 
Rockford, Tl | 3, 059 6, 749 1, 354 20, 484 | 42, 557 71, 160 | 43, 419 7,0: 34 | 17, 424 | 122, 831 281, 868 
Saginaw, Mich | 2, 074 | 1, 427 | 871 9,471 | 20, 060 57, 444 | 31, 588 24) 806 30, 706 90, 394 234, 938 
Madison, Wis | 4, 008 | 2, 500 | &, 785 20, 051 45, 839 50, 490 | 29, 265 15, O84 | 35, 848 | 74, 414 205, 101 
Harrisburg, Pa 9, 578 | 5, 861 | 3, 299 38, 592 | 84, 2 58, 134 25, 392 13, 387 | 14, 300 79, 526 190, 739 
Total_. ; 330, 220 115, 567 104, 161 | 108,051 | 596, 264 rs, 254, 263 | “1, 483, 828 | 831,417 | 521,727 | 658, 490 | 2, 335, 645 |5, 831, 107 
| | | 
Johnstown, Pa 11, 424 3, 924 | 3, 132 1,176 17, 940 | 37, 596 27, 973 14, 463 | 6, 326 | 41, 535 100, 788 
Altoona, Pa 6, 107 1, 823 | 2, 391 | 946 10, 300 | 21, 567 26, 267 | 17,173 | 7, 988 45, 051 107, 805 
Muskegon, Mich 6, 373 4, 022 | 2, 307 | 574 11, 360 | 24, 636 39, 429 38, 269 14,042] 69, 356 | 174,347 
Pontiac, Mich 7, 122 | 1,949 1, 648 | 4,813 12, 768 | 28, 300 38, 901 17, 427 10, 392 20, 611 | 147, 073 
Columbus, Ga 21, 645 2, 804 3, 765 | 4, 024 30, 903 63, 231 47, 624 12, 628 11, 575 14, 165 155, 946 
Racine, Wis 7, 653 2,916 2, 390 2, 832 11, 257 27, 048 38, 412 | 23, 021 13,078 | 22, 973 : Dat 151, 813 
Macon, Ga_- 50),000-100,000 20, 549 4, 418 5, 006 2 , 915 33, 154 66, 042 46, 607 | 10, O82 9, 769 | 10, 529 68, 662 145, 649 
Yorn, Pa... its , 4, 281 1,377 | 1, 496 | 1,345 6, 537 15, 036 47, 309 | 18, 234 10, 354 | 17, 450 50, 291 143, 638 
Charleston, 8. C 10, 498 5, 068 | 2, 261 | 789 15, 885 34, 501 29,928 | 19, 687 | 8, 414 | 6, 082 50,098 | 114, 209 
Kalamazoo, Mich 7, 189 2, 546 2, 247 3, 031 11, 144 26, 157 37, 775 | 24, 247 10, 799 15, 929 58, 623 147, 373 
Bay City, Mich 4, 955 1, 978 1, 239 | 1, 337 | 7,017 16, 526 32, 698 | 34, 522 | 14, 456 20, 967 62, 839 165, 482 
Williamsport, Pa 2, 401 781 | 896 | 498 | 3, 971 8, 547 19, 535 | 11, 987 5, 887 | 9, 784 32, 001 79, 194 
Total ) 110, 197 33, 696 28, 778 24, 280 | 172, 236 | 369, 187 | 432, 458 241, 740 129, 792 | 166, 846 | 662, 481 |1, 633, 317 
| | | | | | 
Fargo, N. Dak., Moor- ) 3, 543 1, 690 | 1, 310 | 885 | 5, 994 13, 422 | 32, 264 27, 800 7, 592 | 15, 429 46,446 | 129, 531 
head, Minn | 
Sharon-Farrell, Pa 4, 229 | 1, 489 2,021 585 | 7, 688 | 16, 012 | 19, 506 15, 120 9,175 &, 492 34,112} 86, 405 
Norristown, Pa Less than 3, 908 842 973 | 1, 759 6, 527 | 14, 009 | 14, 051 6, 967 3, 613 | 5, 870 24, 940 55, 441 
Appleton, Wis : 50,000 1, 052 356 445 | 325 | 1, 994 4,172 16, 867 11, 528 9, 559 | 9, 408 25, 570 72, 932 
Wisconsin Rapids, Wis 52 12 4 116 220 404 6, 990 4,173 3, 098 | 5, 560 | 10,403 | 30, 224 
Total..... 12, 784 4, 389 4, 753 3, 670 | 22, 423 48, 019 89, 678 65, 588 33, 037 44, 759 141, 47 1 374, 533 
Grand total All groups .| 3,014,103 | 736, 487 | 690, 435 | 1, 270, 461 | 4, 487, 541 10, 199, 027 r 3 759, 312 | 3,336,811 | 2,090, 064 | 3, 281, 380 (11, 310, 088 27,777,655 
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city and indicate that such a basis would 
provide only a rude forecast at best. 
The ranges in percentages of trips for each 


in table 11. 
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trip purpose by each mode of travel are shown 
Despite the wide range between 
the maximum and minimum percentages, it is 
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Figure 5.—Percentage distribution of trips in each city, according to purpose. 
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seen later that for any particular urban area 
it is possible to make a fairly reasonable 
forecast of the absolute volume of trips from 
which percentages may be computed. 


Mode distribution 


The percentage distribution of trips in the 
50 individual cities by mode of travel is 
presented in figure 6. The most noticeable 
difference from the previous distribution by 
trip purpose is the relative lack of uniformity 
among the several cities when considering 
travel mode. While not included in this 
article, similar percentages were develeped for 
each trip purpose and a variable pattern was 
found in each case. The ranges in the per- 
centage of trips by each mode of travel for 
each trip purpose and for all purposes are 
shown in table 12. 

Besides being small in absolute volumes, 
trips by automobile drivers and automobile 
and taxi passengers were also few on a relative 
basis in San Juan, where 7 out of 9 persons 
making trips traveled as mass-transit passen- 
gers, largely in “‘publicos’”’ (privately owned 
public conveyances, usually station’ wagons, 
which generally operate over established routes 
but with no fixed schedule). On the other 
hand, exceptionally high percentages of auto- 
mobile trips were observed for each trip pur- 
pose in cities of Texas, New Mexico, Arizona, 
California, Washington, Michigan, and 
Wisconsin. 

It may be that these variations are related 
to the period during which the basie studies 
were made or to the geographical area in 
which the cities are located. Some of the 
studies where mass-transit facilities played an 
important role were made during or shortly 
after World War II when automobile driving 
was restricted. Also, other evidence indicates 
that the preference for automobile travel has 
increased progressively over the decade during 
which the studies were made in the various 
cities. Insofar as location is concerned, it is 
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Figure 6.—Percentage distribution of trips in each city, according to mode of travel. of trip, in trips made by— 
r . > ° ° Purpose of tri PE Hts ae 
fable 11.—Range in percentage of trips for each trip purpose by each mode of travel in uae 
50 cities bile bile and | transit 
= drivers | taxi pas- | passen- 
sengers gers 
| Percentage range, by mode of travel, in trips made for purposes in _ ate ee we, See |Eea 
of— 
Mode of travel i a en oe Work and business: 
| | | Maximum. .-- 79. 2 24.9 78.5 
| Work and | Socialand | Shop Miscel Home Minimum. 14.5 4.8 ; 
business | recreation | laneous Sociai and recreation: 
" SS a | Maximum_.-.-_--- 45.9 65.9 61.5 
Cet a ” — \iaiiiaan Minimum._ 13. 10.7 
utomobile drivers: | | Shop: _ 
A ee aerate | Es 16.8 | 13.6 20.1 47.6 Maximum..-- | 70.6 35.4 78.2 
EOE ES SE Fie EE SS | 22.9 4.0 4.5 4.1 30. 4 _ Minimum-- 10.8 4.7 8 
\utomobile and taxi passengers: | | Miscellaneous: 
TUN io ee er ninei trots a ako henwaken eee 31.7 39.3 13.7 12. 2 47.9 Maximumi....--. 84.9 37.5 85.4 
|e ae a a Is 2 Sp Nani 10.6 | 123 4.5 2.5 36.7 Minimum.- 9.0 | 6 2.1 
lass-transit passengers: | | Home: — 
TREN cee. ayacuene an peusbcsaemareGueneews 36.9 | 16.3 17.3 28.9 54. 5 Maximum..--- | 65.1 38. 7 79.5 
0 EEE Seer eee ea. See Ee 12.9 3.0 1.0 2.3 35.9 Minimum._ | 8.8 5.6 2.1 
.ll modes of travel: All purposes: 
IN is esc gusts siucios senda ok cimanee einen aees 36. 6 22.0 13. 1 22.8 48, 2 Maximum_.--_ 67.9 | 35.7 77.5 
[ae Pe en oe ene a 18.6 | 6.9 4.6 3.1 34.4 Minimum. ol. Tk. 4 5.6 1 
| | | 
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In spite of the noticeable lack of uniformity 
as far as mode of travel for each trip purpose 
is concerned, there was an overall trend for 
a larger percentage of automobile trips in 
smaller cities as would be expected. Con- 


versely, there seemed to be a general trend 
toward a larger percentage of mass-transit 
passenger trips in the larger cities. Mass 
transit was the predominant ‘mode of travel 
in the largest cities, but automobile drivers 
comprised over half of the vehicular trips by 
residents in most of the medium-size and 
smaller cities. These trends appeared among 
trips for each purpose. 


Trips from Purpose to Purpose 


All of the previous discussion has dealt with 
the purpose of trips in connection with their 
point of destination, This section considers 
the purpose from which the trips were made 
at points of origin, as related to the destina- 
tion purpose. ‘This type of information is 
presented only in summary form for all 50 
urban areas, although detailed data are avail- 
able from individual city reports. The num- 
ber of trips made by persons “‘from”’ a purpose 
“to” a purpose are included. This somewhat 
unusual phraseology is used to express an idea 
that could not otherwise be expressed precisely 
in so few words. It describes not only why 
wu person made a trip to his destination, but 
why he was at the place he left. 

Table 13 shows the volume of trips in all 
50 urban areas from each purpose to each 


purpose for each mode of travel. The pre- 
dominant purposes of trips by all modes of 
travel were from home to work and business, 
followed closely by trips from work and busi- 
ness tohome. These same trips were dominant 
among mass-transit passengers and automo- 
bile drivers, but ranked second among auto- 
mobile and taxi passengers. The trips}from 
work or business to home did not quite equal 
the volume of trips in the reverse direction be- 
cause of the intermediate trips from work or 
business for some other purpose prior to re- 
turning home. For instance, some of this dif- 
ference was accounted for by the excess of 
trips from social-reereational purposes to 
home, over and above the number of trips 
from home for social and recreational pur- 
poses. Also pedestrian trips, not included in 
the basie surveys, could have accounted for 
some of the apparent discrepancies. 

Trips between home and social-recreational 
activities were the next most important cate- 
gory (after the home and work-business cycle) 
among the trips by all modes of travel com- 
bined, but they were the most important 
purpose-to-purpose category among automo- 
bile and taxi passengers. Trips between home 
and miscellaneous purposes ranked second for 
automobile drivers and mass-transit passen- 
gers, third for all modes of travel combined, 
and fourth for automobile and taxi passengers. 
The third ranking category among automobile 
drivers and mass-transit passengers was home 
trips to and from social-recreational purposes. 
Trips between home and shopping ranked 


Table 13.—Number and percentage of trips by each mode of travel in 50 cities 





third with automobile and taxi passengers, 
and fourth with each of the other modes of 
travel and with all modes combined. The 
only other significant purpose-to-purpose cate- 
gories were the automobile- and taxi-passenget 
trips from one social or recreational purpos« 
to another, trips from work or business to 
work or business by automobile drivers, and 
trips between work or business and miscella- 
neous purposes by each mode of travel. 

Table 13 also shows the percentage dis- 
tribution of trips from each purpose to each 
purpose for all travel modes. Trips from 
home to work and business by mass-transit 
passengers were the foremost type of internal 
trips by residents of the 50 urban areas 
These trips accounted for nearly 10 percent o! 
the total trips by all modes for all purposes 
Trips either to or from home were the most 
numerous of all. The only other categories 
of trips accounting for 1 percent or more ot 
the total were trips by automobile drivers for 
work or business and miscellaneous purposes, 
and social-recreational trips by automobile 
and taxi passengers. 

Table 13 is the basis for figure 7 which 
presents the percentage distribution of trips 
from each purpose to each purpose, and that 
proportion attributable to each mode of travel. 
Since trips are grouped first by trip purpose 
and then by all purposes, each trip is repre- 
sented at least twice in this chart. Thi 
arrows indicate the direction of trip purpose. 
In the upper left-hand corner of the chart, for 
instance, under the home category, it may be 


from each purpose to each purpose 























Crips to 
Trips from— Work and business Social and recreation Shep Miscellaneous Ifome Total 
Number Percent Number Percent Number | Percent Number Pereent Number Percent Number | Percent 
| | 
AUTOMORILE DRIVERS 
Work and business... - 1, 137, 747 +1 64, O70 0.2 103, 456 0.4 338, 519 1.2 2, 042, 942 7.4 3, 591, 834 13.3 
Social and recreation 31, OO1 l 135, 366 am 43, 584 .2 93, 036 3 774, 933 2.8 1,077, 920 3.9 
shop <— ‘ 13, O24 2 16, 590 2 138, 449 5 43, H02 2 628, 404 2.2 3.3 
Miscellaneous__- ; 440, 190 2 03, IST 3 74, 324 2 237, 668 9 741, 549 3:7 ; 5.3 
al wiattnnis ; ‘ 2, 127, 277 7.6 735, 729 a7 551, O1S 2.0 S11, 448 2.9 . 4, 15.2 
Total = 3, 679, S48 13, 2 1, 079, 942 3.9 910, S31 3.3 1, 524. 373 4, 187, 918 15.1 11, 382, 912 41.0 
AUTOMORILE AND TAX! PASSENGERS 
! 
Work and business. _- 117, 942 0.4 $2, 639 0.2 36, S41 i 61, 531 0.2 837, 854 3.0 1,096, 507 | 3.9 
Social and recreation 3 21, 597 ] 305, 659 1.1 40, 438 l 38, 734 oe 1, 159, 437 4.2 1, 565, 865 5.6 
Shop 12, 575 l 41,213 | 1 73, 229 2 9, 402 351, 404 1.3 487, 823 ie 
Miscelianeous ‘ — 4S, S62 2 51,781 2 | 17, 394 ot 26, 310 on 285, 934 | 1.0 430), 281 1.6 
Hlome a 7 Std, 385 3.1 1, 079, 090 3.9 | 321, 196 a 350, 469 1.3 waa = 2, 615, 240 9.4 
petal... 1, O65, 361 3.9 1, 520, 382 5.5 488, 708 1.6 486, 546 1.7 2, 634, 629 9.5 6, 195, 716 22.2 
MaAss-TRANSIT PASSENGERS 
Work and business 118, 402 0.4 35, 234 0.1 3S, 464 0. 2 233, 567 0.$ 2, 533, 978 9.1 2, 959, 645 10.7 
Social and recreation. _. 9, ON6 _ 35, OSS ol 12, 208 : 39, 639 2 59S, 636 2.2 (95, 257 2.5 
Shop eaeioadie 21, OS7 a 23, O85 a 44, 347 2 590, 706 21 692, 624 2.5 
Miscellaneous 237, i) 52, 453 2 53, 753 2 189, 914 6 764, 221 2.8 ], 297, 628 4.7 
Home...-- Satan 2, 635, 929 9.5 592, 025 Si 562, 025 2.1 702, 994 27 nee: 4, 553, 873 16.4 
Total 3, O14, 103 10.8 736, 487 2 6 690, 435 2.6 1, 270, 461 4.6 4, 487, 541 16,2 10, 199, 027 36. 8 
ALL MOopEs OF TRAVEL 
Work and business... _- iad 1, 374, 091 1.9 146, 943 0.5 178, 461 0.7 633, 717 2.3 5, 414, 774 19.5 7, 747, 986 27.9 
Social and recreation _ _- 61, 684 2 475,713 17 M5, 230 3 171, 409 6 2, £33, 006 | 9. 2 3, 339, 042 12.0 
Shop oa ; ee 69, 5OS ; 108, S80 4 234, 763 S 97, 351 4 1, 570, 604 5.6 2, 081, 206 7.5 
Miscellaneous. - we 626, 348 2.3 197. 421 er 145, 471 5 $53, SY2 1.6 1, 791, 704 6.5 3, 214, 836 11.6 
Hlome 3 re 5, 627, 591 20. 2 2. 406, S44 8.7 1, 435, 139 §.2 1, 925, 011 6.9 x = 11, 394, 585 41.0 
, se = 7, 709, 312 27.9 3, 336,811 | 12.0 | 2,090, 064 7 3, 251, 380 11.8 11, 310, OSS 40.8 27, 777, 655 100. 0 
| | 
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seen that trips in connection with work and 
business accounted for the largest proportion 


of home trips. Trips from home to work and 
business slightly exceeded those in the reverse 
direction (20.3 percent as compared with 19.5 
percent). Mass-transit passengers ranked 
first in these trips, and automobile and taxi 
passengers ranked third behind automobile 
drivers. 

Home trips that were linked with social and 
recreational purposes were fewer than those 
involving work and business. Their pattern 
differed from the latter in that trips from home 
to social-recreational activities were fewer than 
the reverse trips. Also, in this case, auto- 
mobile- and taxi-passenger trips were the most 
numerous, and were followed by automobile- 
driver and mass-transit passenger trips. As 
a matter of fact, home trips linked with work 
and business were made less often by auto- 
mobile and taxi passengers than home trips 
linked with a social-recreational purpose. 
Figure 7 is adaptable similarly to an analysis 








of trips associated with other or with all to 
and from purposes. 

Table 14 shows the percentage of trips made 
both to and from each purpose for each mode 
of travel. Since for each single trip there are 
two purposes, one from and one to, the totals 
add to 200 percent. This table formed the 
basis for figure 8, from which it is apparent 
that first home and then work and business 
were the top-ranking purposes 
modes except one. 


among all 
Automobile and taxi 
passengers traveled more frequently from 
or to a social-recreational purpose (50 per- 
cent) than a work or business purpose (35 
percent). Work and business trips were rel- 
atively more significant among the auto- 
mobile drivers, since 65 percent 
were for that purpose. 


their trips 
Mass-transit passen- 
gers were the group most likely to be traveling 
from or to home. The fact that this purpose 
accounted for almost 89 percent of their trips 
may be related to the greater possibility that 
intermediate trips by these 


persons were 
HOME 
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made by walking than in the case of automo- 
bile drivers and automobile and taxi passen- 
gers. Miscellaneous trips accounted for about 


lable 14.—Percentage of trips for each mode 
of travel in 50 cities, classified according 
to purpose at both origin and destination 




















Mode of travel! 
Purpose | Auto- | Mass- 
Auto- | mobile | transit | All 
| mobile |and taxi] passen- | modes 
| drivers | passen- gers | oftravel 
| | gers 
beams ee ees: Soares! kena ee eee 
Home..-- | 739 | 84.7 | 88. 6 | 81.8 
Work and | | 
business - . | 64.8 | 34.9 | 58.6 | 55.8 
Social-recrea- | | | 
tion... 19.0 49.8 4 0 24.0 
Miscellaneous | 26.4 | 14.8 | 2 | 23. 4 
Shopping... | 15.9 15.8 | 3 6 | 15.0 
Total __ 200. 0 | 200. 0 | 200. 0 | 200. 0 





1 Percentages add to 200 for each mode of travel because 
the purpose of each trip is considered twice, at place of origin 
purpose from) and at place of destination (purpose to) 


SOCIAL AND RECREATIONAL 


t+ 


ts 


rat 


ts 





t+ 





©° 2 4 6 6 10 








HOME 








SOCIAL 


> ano 


RECREATIONAL 





misc 


WORK ano 
BUSINESS 
ano 
SHOPPING 


ee 04 2h 35 


MISCELLANEOUS 


HOME 





wORK 


ro 
BUSINESS 


Ss 


Y 
= 


SOCIAL 
| RECREATIONAL 


te te te tH 


SHOPPING 


HOME 





ALL OTHER 


PURPOSES 


th te 





4 36 38 40 42 


WORK 


BUSINES‘ 


SOCIAL 
ano 


RECREATIONAL 


misc 


SHOPPING 


th th Th TH TH 


tre 7.—Percentage distribution of trips from each purpose to each purpose, by mode of travel. 
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Figure 8.—Percentage distribution of trips, both from and to each 
purpose, by mode of travel. 


one-fourth of the trips by both mass-transit 
passengers and by automobile drivers. Trips 
to or from shopping amounted to approxi- 
mately 15 percent of the trips by each mode 
of travel. 

The percentage distribution of trips from 
each purpose to each purpose is presented in 
figure 9 for all modes of travel combined. 
This chart was constructed in a manner 
similar to figure 2. It shows, for instance, 
that trips from home to work and business 
predominated, accounting for almost 50 per- 
cent of the trips from home and over 20 per- 
cent of all trips. The reverse trips from 
work and business to home also accounted for 
thout one-fifth of all trips, but they com- 
prised 70 percent of the trips from work and 
business. Trips to home accounted for three- 
fourths of the trips from social-recreational 
ind from shopping purposes, but in compari- 
son with total trips, they represented only 9 
and 6 percent, respectively. The large pro- 
portion of trips both to and from home, 82 
percent, is particularly apparent in figure 9. 


Household Characteristics 


In addition to data concerning the daily 
trips of residents, the basic origin and desti- 
nation surveys of the home-interview type 
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provided information concerning the numbers 
of dwelling units, automobiles owned, resi- 
dents, and persons 5 years of age and older. 
Some of these household characteristics for 


the 50 urban areas are recorded in table 15 


HOME 
40.8% 


MISCELLANEOUS 





By and large they varied directly with popu- 
lation. This pattern is more apparent it 
table 16, which compares the mean average: 
for each of six population groups. In this 
table and in all of the following analyses Sar 
Juan, Puerto Rico, was omitted because o 
the significant differences from the pattern o1 
travel in the continental United States. 


Trips Related to Household 
Characteristics 


The ratios of trips by each travel mode t 
household characteristics are shown in tabli 
17 for the average city in each populatio: 
group. The ratios of total trips and automo- 
bile trips tended to vary inversely wit! 
population, while mass-transit trip ratio 
varied directly with population, as seen i! 
figure 10. The sharp upturn in the patter 
for total trips per automobile owned in thi 
highest population group was due to the 
relatively low automobile ownership ratios 
in cities of the 1 million or more pepulatior 
group and the greater incidence of mass-transit 
trips in these cities. The reverse situation 
caused the low point in this pattern for cities 
of less than 50,000 population. Some of thi 
other variations of the patterns in the 500,000 
to 1,000,000 and 50,000 to 100,000 populatio: 
groups would be smoothed out by eliminating 
surveys conducted during World War IT. 

The basie tables 9 and 10, giving trip put 
pose and mode of travel in each of the 50 
cities, and the household characteristics 
shown in table 15 may be used to develop 
similar individual city ratios for each mode of 
travel and each trip purpose. For each trip 
purpose there appears to be an inverse linea! 
correlation between population and trips pe! 
dwelling unit or trips per person for the aut 
mobile travel modes; that is, the larger cities 
have smaller trip ratios. In the case of 
trips by mass-transit passengers, the corre- 
lations generally appear to be direct for eac! 
trip purpose. 

The relations existing between a few of these 
irip ratios and the number of automobiles 
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Figure 9.—Percentage distribution of trips from each purpose to each purpose. 
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Table 15.—Selected household characteristics in each of 50 cities in 6 population groups 














: Number of Number of | Number of Number of 
City Population group dwelling passenger persons, all persons, 5 
units cars owned wes vears of age 
and older 
Philadelphia, Pa fated) mes 659, 165 257, 907 2, 233, 531 2, 048, 388 
— oe i eT SER 554, 200 317, 400 1, 468, 933 1, 348, 835 
INGWRER INP ow enccccnnae sith = he 436, 886 245, 151 1, 456, 947 1, 345, 138 
Washington, D, C__-___-- 1,000,000 and over__.. 336, 181 203, 464 1, 109, 860 992, 644 
POE. sce cancedcis uses tescees ) 1, 986, 432 1, 023, 922 6, 269, 271 5, 735, 005 
St. Louis, Mo__- we 294, 757 143, 415 974, 545 878, 377 
St. Paul-Minneupolis, Minn ae 299, 510 226, 815 915, 960 825, 625 
ese a sais : 123, 998 912, 809 830, 909 
ouston, Tex__. : om = 2 256, 300 S78, 629 765, 942 
ny 500.( 256, 78, 62 765, 942 
Dallas, lex 00,000-1,000,000.-- ... 168, 066 153, 777 533, 606 $71, 064 
Seattle, Wash 188, 732 118, 622 518, 563 471, 911 
Total a 1, 499, 565 1, 022, 927 4, 734, 112 4, 243, 828 
Portland, Oreg 152, 586 103, 245 453, 128 412, 358 
Norfolk, Va < 108, 000 61, 480 335, 910 293, 270 
San Juan, P. R 250,000—500,000_-_. 2. 63, 131 8,011 312, 069 267, 726 
Total arene. - a | 323, 717 172, 736 1, 101, 107 173, 354 
Wichita, Kans______.....-- Ph sete |) ( 79, 534 75, 888 238, 302 206, 529 
Grand Rapids, Mich__ Sees) | 65, 170 52, 795 220, 977 199, 209 
Honolulu, T. H___- | 51, 422 32, 692 214, 236 184, 14] 
poy cm Beane | } 79, 100 53, 900 201, 345 179, 778 
Sa sake City, Utah — - | 57, 103 38, 851 196, 571 172, 557 
Wilmington, Del 49, 903 30, 190 181, 44 162, 503 
Phoenix, a 22% 48, 221 36, 372 161, 567 145, 198 
I ——, pa + ; . 48, 008 35, 175 138, 700 125, O02 
Spokane, asn ) (44 138, 381 94. 952 
Scranton, Pa : mest 22, 093 137, 089 126, 541 
—— — , Superior, Wis 100,000-250,000........ 25, 59¢ 130 847 119, 056 
s a ee ae 24, 449 127, 408 114, 709 
Cueson, Ariz at 32, 910 126, 900 113, 730 
- ss — ” 30), 252 122, 776 110, 269 
Reading, Pa ...... ; ; ‘ 17, 184 119, 850 112, 504 
Albuquerque, N. Mex ee See | 27. 469 116, 056 10 817 
Rockford, Ii] neds 33, 100 116, 000 102, 500 
Saginaw, Mich_- 27, 028 112, 902 101, 438 
Madison, Wis _- 25, 328 104, 074 94, 3¢ 
Harrisburg, Pa | 31, 599 16, 363 103, 303 96, 100 
Total } 926, 480 667, 279 3, 008, 729 2, 691, 833 
ety Pa = 23, 130 13, 828 80, 351 
Altoona, Pa__- 24, 060 16, 758 77 
Muskegon, Mich.................. 23, 5 18, 941 
Pontiac, Mich - 2% 17, 808 71, 851 
Oe, GEOL... bc accssamanducces 8, 808 70, 621 
Racine, Wis 18, 483 69, 508 
— “ sna 50,000-100,000__..._-__- 20, a a oo 69, - ” 
MN So 55 en Cigities Sen eomnnacoa 25, : 20, 47: 69, 387 
RO merenenONE. 05,805 2. oo eens 20, 258 7,179 65, 390 
Kalamazoo, Mich 3 7 22, (45 17, 198 65, 945 
Bay City, Mich_-. 5 19, 561 15, 927 61, 454 
Williamsport, Pa - 17, 016 14, 715 48, 67: 
Total } 261, 414 179, 647 917, 927 825, 724 
Fargo, N. Dak., Moorhead, Minn 15, 617 12, 688 49, 852 14, 030 
Sharon-Farrell, Pa — ‘ == 13, 657 9, 442 48, 432 4,310 
Norristown, Pa __. iomatelcnaieddaiace! 10, 282 7, 466 39, 485 36, 106 
Appleton, Wis ___-- .--|) Less than 50,000_..-_- 11, 769 11,073 39, 172 33, 923 
Wisconsin Rapids, Wis ..--.---- 4, 700 4, 660 16, 504 14, 428 
POG. 225s nss scans 56, 025 45, 329 193, 445 172, 797 
| TEE WOON cat dc ecestaconeeoneticecansauvenkseeeawes 5, 053, 633 3, 111, 840 16, 224, 591 14, 642, 541 






























per dwelling unit are shown in figure 11. It 
that 
ownership ratios, the total trips per person 


is noted in areas of high automobile- 


d the automobile trips per person were 


greater. Also, since automobile-driver trips 
per automobile tended to increase as auto- 
mobile ownership increased, the number of 


ps per vehicle may be expected to increase 
us the ownership ratio of automobiles per 
family continues to grow. Whether mileage 
traveled per vehicle follows the same trend 
depends upon trip lengths. As in the case of 
figure 10, these curves are also affected by the 
data from older studies and by the economic 
as well as the population characteristics of 
the cities studied. 

lume of trips and percentage of trips by 
individual purposes and modes of travel were 
associated with the ratios of automobiles per 
dwelling unit and persons per automobile. 
Although there was fairly good linear correla- 
tion. between percentage of trips (by purpose 
anc mode) and automobiles per dwelling unit, 
these correlations were not as high as others 
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relating trips to the absolute household data 

In the latter case, better 
found 
trips (by purpose and mode) : 


in each urban area. 


correlations were between volume of 


} 
nd the numbers 


of persons over 5 years of age, automobiles or 


dwelling units, than between percentage of 
trips (for a particular purpose or mode of 
travel) and any one of these variables. 


The 


most closely related to volume of trips varied, 


household characteristic which was 


depending upon the mode of travel or pur- 
pose of trip. These relations are shown in 
table 18, together with their respective corre- 
lation coefficients. These two-variable, linear 
correlations were deemed to be sufficiently 
high to forgo the need for testing correlations 
based upon second-degree equations or loga- 
rithms. However, for convenience of pre- 
sentation the related scatter diagrams shown 
in figures 12-16 have been plotted on loga- 
rithmie scales. 

No attempt 
household 


made to associate all 
with the volume 
of automobile- and taxi-passenger trips, but 
the seatter diagram in figure 17 suggests that 
the number of automobiles owned in the area 
is a good factor. 


was 
characteristics 


The relatively low correlation for trips with 
miscellaneous purposes is not unusual because 
A better 
correlation factor is hardly required, however, 


of the varying nature of such trips. 


since there is less cause for estimating these 
miscellaneous trips due to their relatively 
small than 12 percent of the 
total. More favorable multiple correlations 
might be developed if required. 


number—less 
For instance, 
the addition of the factor automobiles owned 
to the number of persons over 5 years of age 
raised the correlation with mass-transit pas- 
sengers from + 0.941 to + 0.987. 

In view of the large number of automobile- 
driver trips made for the purpose of going to 
work and for transacting business, these partic- 
ular trips were also associated with the several 
household factors. Although total work and 
business trips in an area were more closely 
related to dwelling units (a higher correlation 
coefficient) than total automobile-driver trips 
were related to automobiles owned, it was 
found that work and business trips made by 
automobile drivers were more closely asso- 
ciated to automobiles owned. In the latter 
comparison, which is illustrated in figure 18, 
+ 0.984. 

In order to more precisely estimate the 
volume of trips by each mode of travel for 
each individual purpose, it would be necessary 
to determine by means of correlation tech- 
niques similar maximum coefficients for the 
other modes and purposes. 


the correlation coefficient was 


Of course, any 
application of estimates must be consistent 
with the resulting standard error. Furtber 
development is not attempted here, 
this article is primarily concerned with exist- 
within the 50 urban 
However, this discussion should be sufficiently 


since 


ing conditions areas. 


indicative of the types of analysis which may 


be continued and expanded in an effort to 


Table 16.—Average number of dwelling units, passenger cars owned, and residents per city 
for each of six population groups 





Population group 


1,000,000 and over_- anaes 4 
500.000-1,000,000 6 
250,000-—500,000 2 
100,000-250,000 y. 
50,000-100,000 = ] 
Less than 50,000 


All groups . 49 





f 


Average number (in thousands) of— 
Dwelling Passenger Persons, all Persons, 
units cars owned ages 5 years of age 

and older 

497 256 1, 567 1, 434 

250 170 789 707 

130 82 395 353 

46) 33 150 135 

22 15 76 69 

11 9 39 35 

102 64 325 294 
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Table 17.—Average ratios per city between number of trips by each mode of travel and selected household characteristics in six population 











groups 
Trips per dwelling unit by mode of travel | Trips per automobile owned by mode of travel Trips per person by mode of travel 
Population group een ae ince - + Set Bata wel or ie [ee | el 

Auto- Automobile Mass- Auto- |Automobile Mass- Auto- Automobile Mass- 

mobile | and taxi | transit Total mobile | and taxi transit Total mobile and taxi transit Total 

driver passenger | passenger driver passenger Passenger driver | Passenger | Passenger 
1,000,000 and over_.....------- — 1. 62 0. 91 2. 50 | 5. 03 3.15 | 1.76 4.85 9. 76 0. 51 0. 29 0.79 1. 59 
500,000—1,000,000_ .....--.-- bind 2. 35 1.16 1. 99 5. 50 3.45 | 1. 70 2. 91 8. 06 74 | 37 63 1.74 
OE EEE 2. 54 1.49 1. 41 5. 44 4.02 2. 35 2. 22 8. 59 . 84 j . 49 415 1.79 
100,000-250,000 3.15 1.79 | 1. 35 6. 29 4. 38 2. 48 1. 88 8. 74 97 . 55 42 1. 94 
60,000-100,000.............- peneaee 3. OY 1.75 1. 41 6. 25 4. 50 2. 54 2. 05 9. 09 88 . 50 . 40 1.78 
Less than 50,000....---.----- eee 378 | 210 | 85 | 6. 60 4.61 2.60 | 1.06 8.27 1.08 61 "95 1.94 

| 
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Figure 10.—Relation of trips per person, trips per dwelling unit, and 


trips per automobile to population size of cities. 


develop predictive factors representative of 
local travel in typical urban areas. 


Appendix 


Up to this point, the discussion has dealt 
with several aspects of the travel pattern in 
50 urban areas with regard to the 5 major trip 
purposes and the 3 most important modes of 
travel. It was mentioned, however, that the 
basic origin and destination surveys, which 
provided the data for these analyses, included 
information with respect to 7 possible travel 
modes and 10 trip purposes; and in certain 
tases some rather interesting and significant 
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facets of the total urban travel complex wer 
obscured as a result of the combining pro- 
Several of the more notable individua! 
aspects are included here. 


cesses. 


For all cities, medical-dental trips accounted 
for 5.5 percent of the trips by taxi passengers, 
and, conversely, taxi-passenger trips accounted 
for 4.2 percent of the trips for medical or 
dental purposes. Changing of mode accounted 
for 10 percent of the train-passenger trips and 
train passengers accounted for 2.2 percent ot 
the trips to change mode of travel. Also, 
is significant that 8.9 percent of the auto 
mobile drivers made trips for the purpose of 
serving passengers. All of the serve-passenger 
trips were made by drivers of automobiles. 

In addition to the cases just cited, there ar 
several interesting facts regarding individual! 
cities, which were concealed when trip pur- 
poses and modes of travel were grouped. For 
example, in Columbus, Ga., Baltimore, Md., 
Charleston, 8S. C., Reading, Pa., and Grand 
Rapids, Mich., over 10 percent of the auto- 
mobile-driver trips were for the purpose of 
In Pontiac, Mich., and 
Sacramento, Calif., 14 percent of the auto- 
mobile-driver trips were to serve passengers. 
The fact that 11 percent of the automobile- 
driver trips and 9 percent of the mass-transit 
trips in San Juan, P. R., were for the purpose 
of eating is due largely to the prevalent loca! 
custom of returning home for lunch at midday 

In the category of trips for the purpose of 
changing mode of travel, several unusual situ- 
ations occurred in individual urban areas. 
These trips accounted for 10 and 25 percent 
of the total streetcar- and bus-passenger trips 
in Norristown and Philadelphia, Pa., respec- 
tively. Also, in Philadelphia, change-mode 
trips amounted to 60 percent of the subway- or 
elevated-railway passenger trips and 24 per- 
cent of the train-passenger trips. 


transacting business. 


Over 12 percent of the streetcar- and bus- 
passenger trips were to school in Madis« 


Table 18.—Correlation coefficients computed for certain types of trips and related house- 
hold characteristics in 49 cities ! 





Mode of travel or purpose 
of trip 


Mode of travel: 
EE ccnaneneae 
Automobile driver 
Mass-transit passenger 

Purpose of trip: 

Work and business_.......-- 
Social and recreation __-.-.-- 
Shop 
Miscellaneous. ..........-.--. 
OO” an =xet 





Ho 


Dyweilite wits... ..-~-..cccccacc 0. 987 
Automobiles owned ___.-...._-- . 975 
Persons 5 years of age and over_. . 941 
bo 2 a 989 
Automobiles owned.........-_.- 968 
A z SE eae eee = .979 
Persons 5 years of age and over_. . 916 
Dwelling units. ......<.<..:--<<< . 985 


usehold characteristic Correlation 


coefficient 








1 Scatter diagrams, except for social-recreational, miscellaneous, and home trip 
purposes, are presented in figures 12-16. 
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Wis., Pontiac, Mich., Sacramento, Calif., and _ taxi-passenger trips in Charleston, S. C., and With regard to modes of travel, again there 
in Phoenix and Tucson, Ariz. Trips to trans- in Salt Lake City, Utah, and 13 percent in are individual city exceptions, which were 
act business accounted for 11 pereent of all Seattle, Wash. absorbed in the grouping procedure. Among 


the more important variations which should 
























































6 be mentioned is the ease of Washington, D. C., 
where taxi passengers accounted for almost 3 
percent of all trips. Also truck and taxi pas- 

« | sengers combined accounted for over 3 per- 
3s 5 cent of theftotal trips in Baltimore, Md., ana 
wn Macon, Ga. Finally, train-passenger trips 
a | AUTO DRIVER TRIPS PER CAR ad ° amounted to 5 percent of the total trips in 
@ n | rs ied ee mn a. Newark, N. J., and 2 percent in Philadelphia. 
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(bservations Concerning Urban Traffic 
Volume Patterns in Tennessee 





BY THE DIVISION OF HIGHWAY PLANNING 


BUREAU OF PUBLIC ROADS 


The accuracy of estimates of traffic volumes on rural roads in 28 States has 


been determined in previous studies by probability measures. 


The production 


characteristics of the various traffic-counting methods were evaluated, and in 
the majority of these States efficiency was improved by appropriate changes in 


procedures. 


An important conclusion drawn from the rural studies was that 


traffic-volume sampling variations were relatively small and could be effectively 


controlled. 


Intuitively it has been recognized that in some aspects of traffic volume pat- 
terns on city streets a greater uniformity exists than on rural roads, and trajfic 
volumes can be effectively sampled and accurately interpreted by even simpler 


statistical control devices. 


It was not, however, until the State of Tennessee 


vad undertaken comprehensive urban traffic volume research that facts began 
had undertak hen rban tr lume r rch that ts be, 


to replace opinions. 


The findings of the present study support the judgment previously exercised 
in Tennessee in the use of some of the procedures and indicate the possibility of 


improving others. 


But in addition to the local benefits, the Tennessee studies 


provide an invaluable background upon which other States and cities can 
develop efficient urban traffic-counting procedures. 


NINCE 1954, 55 continuous-count traffic 
5 recorders at 52 locations have been in- 
stalled in Tennessee cities in order to study 
the characteristics of urban traffic volumes. 
The recommendations of the Highway Re- 
search Board Committee on Urban Volume 
Characteristics were used as guides for the 
selection of locations for these recorders. The 
1956 data at 30 locations in 13 cities were 
analyzed in studies for machine counts, and 
1955 data at 33 locations were used in the 
analysis for manual counts. 

To determine the actual annual average 
daily number of vehicles, hereinafter called 
ADT, at a particular point on a road or street 
would require continuous counting for 365 
days. On the other extreme, a qualified 
person could make an estimate without count- 
ing, just from general knowledge of the situa- 
tion. The latter method usually would not 
be considered acceptable because of the 
suspected lack of accuracy. Since an exact 
determination is seldom possible, it becomes 
axiomatie that the ADT estimates are based 
On sampling, and the cost of obtaining these 
estimates must be related to their accuracy. 
The problem therefore is to find means of 
meisuring the accuracy of ADT estimates 
obtained by various methods of sampling 
tratie volumes. The measures employed in 
the Tennessee studies made use of the con- 
figuration of similar patterns of repetition in 
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'This article was presented at the 37th Annual Meeting 


of tie Highway Research Board, Washington, D. C., 
January 1958. 
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the mass movement of people and the concepts 
of probability of these repetitions. 

At the present time, only a few 
analyses have been undertaken to aid in the 
evaluation of existing sampling procedures 
and to provide essential measures in the 
development of new traffic-counting schedules. 
The present as well as other possible schedules 
were presumed to be based on the assumption 


basic 


that a sample weekday count is representative 
of the average weekday volume of traffic 
during the month of the sample count. There- 
fore, this basic assumption was evaluated and 
the size of the standard error was estimated. 
The standard error is a measure of the dis- 
persion about their averages of all possible 
estimates which are based on samples of a 
given Although the mathematics of 
probability do not require the knowledge of 
the true values in these studies, the true (or 
practically true) values are available at the 
continuous-count recorders and are therefore 
used as the basis for measuring errors of esti- 
mates developed by sampling. 


size. 


Conclusions 


The following conclusions were reached re- 
garding the observations of 30 urban traffic- 
counting stations in 13 Tennessee cities: 

1. Traffic counts of 24-hour duration on 
weekdays may be assumed to represent the 
annual average daily traffic volumes with cer- 
tain limitations, some of which are subse- 
quently referred to in the discussion of the St. 
Louis and Detroit studies. Although previous 





Reported ' by BORIS B. PETROFF, Head, 
Traffic Inventory Section, and 
ANTHONY P. KANCLER, Statistician 


studies have indicated that this assumption 
may result in an overestimate, the error is 
within practical limits of acceptance. 

2. The monthly variations of traffie are very 
uniform for the 30 continuous-count stations. 
The predominant majority of the ratios of 
ADT to the daily averages at individual sta- 
tions fall within the +10-percent range from 
the respective monthly means. The standard 
deviation for the Tennessee urban stations 
was +5.2 percent. LEarlier studies in St. 
Louis and Detroit showed standard deviations 
of approximately +6.0 percent. It appears 
that confidence limits could be set so that a 
range lower than +10 percent could be 
achieved if populations could be identified in 
urban areas. Heterogeneous populations can 
be separated on the basis of parameters show- 
ing similar configurative patterns or selected 
maximum ranges of deviation. 

3. The goodness-of-fit tests as applied to the 
Gaussian or normal curve can be used to de- 
tect heterogeneous populations. These tests 
include the chi-square and Fisher’s g; and gp 
statistics. Samples may be taken from 
heterogeneous populations, and with proper 
statistical safeguards that samples are repre- 
sentative of the original population they will 
give satisfactory results. The statistical 
safeguards are the F- and T-tests. 

4. It can be stated from the studies that 
the 30-station mean monthly adjustment fac- 
tors could be satisfactorily used. Further- 
more, practically the same factors could be 
obtained from the data for 6 or 7 stations 
randomly selected. The tests indicate the 
possibility of refinements in the accuracy of 
adjustments for monthly variations. Such 
refinements would require identification of 
populations which is a costly operation. Even 
if this were accomplished, the study of Nash- 
ville which is subsequently described would 
indicate that the improvement in the accuracy 
of estimates of ADT, when based on 24-hour 
weekday samples, could hardly be expected 
to reduce the value of the standard deviation 
by more than 1 percent. 

5. Satisfactory estimates of 24-hour week- 
day traffic volumes can be obtained from 
weekday counts of 4-hour duration which in- 
clude either the morning or afternoon hour of 
peak traffic volume. 

6. Differences in social and economic char- 
acteristics, upon which the selection of the 
locations of continuous-count recorders was 
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based, did not seem to influence to any great 
extent the monthly variations of traffic vol- 


umes. However these characteristics should 
not be disregarded in future studies as they 
may be found to be significant in other 
measures of traffic. 


Selection of Traffic Stations 


In the selection of locations for the 55 
continuous-count traffic recorders, State offi- 
cials have followed in general the recom- 
mendations developed by the Committee on 
Urban Volume Characteristics of the High- 
way Research Board. These committee sug- 
gestions as interpreted by code for Tennessee 
are as follows: 
A. Distribution by city characteristics: 
I. By dominant economic base (as 
described on pages 37 and 48 of the 

1950 Municipal Yearbook): 

(a) Manufacturing and industrial, in- 
cluding diversified manufacturing, 
mining, and transportation. 

(b) Retail, including diversified retail. 

(c) Wholesale. 

(d) Resort. 

(e) Education. 

(f) Government. 

(g) Dormitory. 

II. By population size (1950 census): 

(a) 1,000,000 and over 

(b) 500,000—1,000,000 

(c) 250,000—500,000 

(d) 100,000—-250,000 

(e) 50,000—100,000 

(f) 25,000—50,000 

(gz) 10,000-25,000 

(h) Under 10,000 

B. Location by street classification: 
I. By traffic function: 
(a) Major or arterial streets: 
1. Radials that are part of primary 

State highways. 
Radials that are not part of 
primary State highways, 
3. Crosstown (or rings) connecting 

two or more major radials. 
(b) Secondary streets: 

1. Radials and crosstowns. 

9 


to 


Local, commercial, and industrial. 
3. Loeal and residential. 
Il. By average overall speed range in 
peak period: 
(a) 5-15 miles per hour. 
(b) 15-25 miles per hour. 
(c) 25-35 miles per hour. 
(d) 35-45 miles per hour. 
The coding of urban continuous-count 
stations according to these classifications is 
shown in table 1. 

Data for one complete year of operations, 
1956, were available for 30 locations scattered 
throughout 13 cities. Table 2 shows the 
distribution of these stations by cities. It is 
noted in table 1 that these cities vary in 
population from 514 in Deecaturville to over 
400,000 in Memphis. 

For the purpose of statistical analysis three 
tabulating cards were developed: Nos. 21 
and 31 as shown in figure 1, and the general 
card, the code sheet of which is shown as 
figure 2. 
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Table 1.—Tennessee cities in which continuous-count traffic stations were located 














City Population City characteristics ! Station No. City street classification 2 

Nashville 176, 170 A-I (a) (b) (e) (e) (f), A-IT (d)- 500 B-I (a) 1, B-II (ce). 
501 B-I (b) 3, B-II (b). 
502 B-I (a) 1, B-II (c). 
| 503 B-I (b) 1, B-II (c). 
| 504 B-I (a) 2, B-IT (b). 
| 505 B-I (a) 2, B-II (c). 
Memphis o SS | 107,439 | A-I (a) (b) (e) (e), A-II (ce) 506 B-I (a) 1, B-II (ec). 
507 B-I (b) 2, B-II (a). 
| 508 B-I (b) 1, B-IT (b). 
509 B-I (a) 2, B-II (c). 
| 510 B-I (b) 3, B-II (b). 
| 5ll B-I (a) 3, B-II (¢). 
Knoxville 124,769 | A-I (a) (b) (c) (e), A-II (d) 512 B-I (b) 1, B-II (b). 
| 513 B-I (b) 2, B-II (a). 
| 514 B-I (a) 1, B-II (c). 
| 515 B-I (a) 1, B-IT (c). 
| 516 B-I (b) 3, B-II (b). 
551 B-I (a) 1, B-II (d). 
Johnson City- 28, 337 A-I (b) (ce) (e), A-IT (f) a 517 B-I (a) 2, B-II (c). 
| 518 B-I (b) 3, B-II (b). 
Morristown..._......<....- 13, 151 | A-I (a) (b) (ce), A-IT (g) 519 B-I (b) 2, B-IT (a). 
520 B-I (a) 1, B-II (¢). 
IIIS, ce cetccks cokes 2, 291 A-I (b) (e), A-II (h) F 521 B-I (a) 1, B-II (c). 
Se ee 4, 272 A-I (a) (b) (c), A-II (h) 522 B-I (b) 1, B-II (a). 
MeMinnville. -.-.-.--.------ 7, O42 A-I (a) (b) (ce), A-IT (h) 523 B-I (b) 1, B-IT (a). 
ne ree 10, 911 A-I (a) (b) (ce), A-IT (g) ; 524 B-I (b) 1, B-II (b). 
525 B-I (a) 1, B-II (ce). 
CS eee ee : 33, 354 A-I (a) (b) (e) (e), A-II (f)_--- 526 B-I (a) 1, B-IT (c). 
527 B-I (a) 3, B-II (b). 
ee 12, 063 A-I (b) (c), A-IT (g)--------- 528 B-I (b) 1, B-II (a). 
529 B-I (b) 1, B-II (b). 
REE ape ee ey eee 1, 509 A-I (b), A-IT (h). 530 B-I (a) 1, B-II (c). 
IE Sse daseeceateans 2, 410 A-I (b), A-ITI (h) 531 B-I (b) 3, B-II (b). 
Piesterville... . -=--...0.-.. 514 A-I (b), A-II (h) 532 B-I (b) 1, B-IT (b) 
INTER, 5c acccckcscess 2, 670 A-I (b) (ce), A-IT (h) ee 533 B-I (a) 1, B-II (ce). 
pS eee 19, 609 A-I (a) (b) (ec), A-IT (g) 534 B-I (b) 3, B-IT (b). 
535 B-I (b) 2, B-II (a). 
WS i pascccsucddeemin 10, 103 A-I (b) (ce), A-II (g)_._------ 536 B-I (b) 3, B-II (b). 
537 B-I (b) 1, B-II (b). 
CHeeeesh...... .....265655 131, 041 A-I (a) (b) (e), A-II (d) ms 538 B-I (a) 2, B-II (c). 
539 B-I (b) 3, B-II (b). 
540 B-I (a) 3, B-II (b). 
A4l B-I (a) 1, B-II (ce). 
542 B-I (b) 2, B-II (b). 
0 Se ene 2, 429 A-I (b) (ce), A-II (hb) =e 543 B-I (a) 1, B-II (e). 
MIE 5 co ancokencseneen 7, 426 A-I (b) (c), A-II (h)------ 544 B-I (a) 1, B-II (e). 
| 545 B-I (a) 3, B-II (c). 

| 
lo LS, rae 7, 665 A-I (b) (ce), A-II (h) : 4 546 B-I (b) 1, B-II (b). 
| 547 B-I (a) 1, B-II (c). 
a ee 9, 847 A-I (b) (ce), A-II (h)---.-- 548 | B-I (a) 1, B-II (ce). 
549 B-I (a) 2, B-II (c). 
Lewisbarg............... 5,312 | A-I (b) (c), A-II (h)_--- 550 =| B-I (a) 1, B-II (b). 














Economie characteristics and population groups. 
Traffic functions of streets and average speeds. 


1 
Procedure 


The sampling error of 24-hour weekday 
(Monday through Friday) counts, which were 
distributed throughout all months of the year, 
was computed for the six stations in Memphis 
as shown in table 3. The mean coefficient of 
variation of +5.9 percent denotes that when 
the traffic volume for a 24-hour period on a 
given weekday was compared with the average 
24-hour weekday traffic during that month at 
that point, then, based on a normal distribu- 
tion, it could be expected that approximately 
two-thirds of such 24-hour weekday counts 
would not differ by more than +5.9 percent 
from the respective monthly means, and 95 
percent of such counts should not differ from 
their respective monthly means by more than 
twice the value of the coefficient of variation, 
or +11.8 percent. It is noteworthy that 
similar tests conducted by the Bureau of 





Explanation of codes is given in the text on the left. 
See codes given in the text on the left. 


Public Roads during 1957 on the 1954 data 
for 12 stations in St. Louis, Mo., resulted in a 
standard deviation of +5.4 percent; and 
studies made on 1954-55 data (April through 
November) at 10 stations in Detroit, Mich.. 
standard deviation of +6.3 


indicated a 
percent. 

If the truest adjustment ratio of ADT to 
the average weekday of the month (the ratio 
derived from the same station from which 
the sample was taken) were applied to the 
sample to estimate the ADT, the measure of 
error in such estimates would still be expressed 
by the coefficient of variation of + 5.9 percent. 
Since the mean ratio value of the various tests 
based on ADT is unity (1.00), the coefficient of 
variation is equal to the standard deviation. 
The significance of the measure of standard 
deviation in these cases is practically synony- 
mous with that of the coefficient of variation. 
Thus, the +5.9-percent measure of the 
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Figure 1.—Tabulating cards used by the Tennessee Department of Highways and Public Works for summarizing urban traffic data. 


sampling error is the minimum that can be 
expected in the distribution of errors in ADT 
estimates in this particular study; that is, 


Column 


Number Sundoy 


Station Number 1- 2-3-4 
Day Of Week 

Month Of Count 

Day Of Month 


Yeor 


Traffic Volume 
6AM - 7AM 


7 8 
8 - 9 
10 24 
11 28 
32 
| 2 Noon 36 39 
1 40 43 
44 47 
48 51 
52 55 
56 59 
60 63 
7 ‘ 8 64 67 
8 - 9 68 71 


Total 24Hour Volume 72 7 





Peok Hour Volume 77 8 


Figure 2.—Coding sheet for au 


Monday 


when these estimates are based on adjustment 
ratios computed in terms of ADT to the 
average weekday of the month from any other 


Tuesday rsday || Friday 





tomatic traffic recorder data. 


source, it generally can be expected that t] 
measure of the error in ADT estimates will b 
greater than the measure of the sampling 
error. 

The 24-hour weekday counts were adjusted 
to the ADT by application of appropriate 
factors. These factors were obtained from : 
group of stations having similar patterns o! 
monthly variations of traffic volumes. Thi 
should be in terms of ratios of ADT to the 
weekday traffic of the respective months 
Since the factors were based on group values, 
the resulting group mean values are char: 
terized by differences between the individu:! 
station data and the group mean data. Th 
factors were another source of error cont 
buting to the error in the ADT estimat: 
The material readily available did not per 
the evaluation of the error in such facto 
However, a reasonable approximation 
available in terms of the ratios of ADT to 1 
average daily volume for each month for 1! 
30 stations in 13 cities. 
the measurement of monthly variations : 


These ratios permit! 


the comparisons of these variations amo 
stations. The ratios and comparisons 

shown in table 2. It is noted that the ov 
whelming majority of the monthly ratios \ 

from the respective means of the 30 stati 
by 10 percent or less, and the stand: 
deviation of these differences is 


l 1 ) 
' - = Sd? —— (sd)2 
2 = VN 1 [ its | 


l eae 1 aoe gee ) 
\ 354 [9 16-35 ws)? ]- V¥ 27.52 - 


By comparison with the spread of seas 
variation usually eneountered on rural r 


+ 5.2 perce 


the extremely narrow range observed in 
study and the implications of these obs: 
tions as regards traffic survey costs were ¢ 
special attention in the analvsis.J 
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Table 


3.—Errors in sampling of Memphis 


traffic volumes for 24-hour periods on weekdays in 1955 ! 

















Station number and item January February March April May June ‘uly August September | October November | December 
: ‘ | 
Station No. 506: 
Number of weekdays 12 19 18 24 1 20 2 17 19 22 21 22 
Average weekday volume. 17, 668 18, 703 29, 402 21, 84 22, 061 23, SSF 24, 378 24,174 23, 712 24,115 | 22,207 22, 831 
Coeflicient of variation 10.8 3.3 3.9 3.9 3.1 2.4 2.8 3.2 Ss. 4 A | 3. 5 &.S 
Station No. 507: ; 
Number of weekdays : 17 20 16 10 20 8 24 20) 19 22 | 19 24 
Average weekday volume 9, 172 9, 049 9, 660 10, 203 11, 429 1, 69 10, GOS 10, 221 10, 606 12,331 | J1,714 11,475 
Coefficient of variation - 4.8 4.5 3.8 5.3 12.6 9 +. ¢ 1.7 14 7.9 1.2 6.2 
Station No. 508: 
Number of weekdays 10 17 16 22 20 11 24 15 19 20 | 19 24 
Average weekday volume 15, 014 11,777 12. 355 12, 478 12, 607 13, 009 12, H04 12, 143 13, 339 12, 506 13, 198 13, 040 
Coefficient of variation 20.7 3.8 5. ¢ 5.0 7.2 1.3 3. 9 3. 6 71 M2 5.6 6.4 
Station No. 509: 
Number of weekdays ‘ 16 20) 16 20 14 It 24 7 lo 23 20 
Average weekday volume 18, O95 17, 9S4 18. 222 18, ISS 18, 772 19, 366 1S, 741 18, 585 19, 475 22, 731 23, 292 23, 504) 
Coefficient of variation 2.2 4.7 3. ¢ 6.7 10.8 , 4.2 14. 4 1.7 1.3 8.0 
Station No. 510: 
Number of weekdays___- 19 2n 14 23 20) ) t 19 12 23 19 24 
Average weekday volume &, B85 7, 527 7, 903 7, 942 7, SEQ 7, 383 &, 173 7, 598 7, M2 7, 242 7, 282 7, 280 
Coefficient of variation —- 1.8 5.1 4.2 Se 4.9 3.8 10) 9 4 7.2 2.6 7.3 
Station No. 511: 
Number of weekdays. _. 15 18 18 23 13 12 18 20 if 14 13 Zt 
Average weekday volume 29, 575 24. 49 25, 333 27, 038 25, 106 27,7705 27,37 25, 410 25, 573 28, 721 26, 624 25, 940 
Coetticient of variation. -- - 8.9 4.6 4.2 4.0 8 7.9 ¥.8 5.9 1.7 6 10.0 | “9 
Mean coefficient of variation=426.2/72=+5.9 percent. 
Monthly Expansion Factors lhe chi-square test of these data (standard Where: 
deviation + 5.2 percent) showed a probability S?= The larger variance. 
Iixperience with rural traffic counts? indi- — Jeyel between 5 and 1 percent, Considering S,2= The smaller variance, 


cates that when monthly factors fall within 
the + 10-percent range of the group mean, then 
the effect of added amount of error to the sam- 

: ’ . @ , 
pling error of the 24-hour sample in the esti- 
mates of ADT is,very small. Thus, it Pap- 
peared that single monthly expansion‘ factors, 

- « paar it 

which are the means of the 30 stations, could 
be used in Tennessee for the expansion of ,24- 
hour weekday sample counts so that the re- 
sulting errors in ADT estimates would not be 
much larger than those which are expressed 
by the standard deviation of +5.9 percent. 

2 Erperience in application of statistical method 
counting, by Boris B. Petroff. Puptic Roaps, 
No. 5, Dee. 1956. 


to traffic 
vol. 29, 
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PERCENT DEVIATION FROM THE MEAN MONTHLY RATIO 


Figure 3.—Comparison of observed and 
theoretical distributions of deviations of 
individual ratios of ADT from the mean 
monthly ratios. 
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“good fit’? within the range from 5 to 95 per- 
cent, the goodness of fit was not quite accept- 
able 
only 
In this instance the normal distribution of the 
observed values is borderline, which indicates 


The normal distribution is applicable 


when chance forces are in operation. 


the possibility of forces or heterogeneous 
populations causing results not due to chance 
alone. 

The computation of chi square given 


in table 4 and the values obtained are pre- 
figure 3. for the 
traffic observations to concentrate bimodally 


sented in The tendency 
on either side of the mean contributes to the 
low chi-square probability level. 

Three random samples of 6, 5, and 4 stations 
were taken from the data for 30 stations; the 
5.93. 

the 
random 


respective standard deviations (S) were 

- 4.70, and 2.53. The F-test related 
(S?) of each of the three 
samples to the variance of the 30-station data 
and expressed the probability level of the re- 
lation. The test showed that the 
station random samples yielded stable results, 
whereas variations for the 4-station 
sample were so much greater 


variance 


5- and 6- 


random 


AS to be unre- 


liable. The formula for the F-test is as 
follows: 
, Ss? 
I a 
So 


Another test for conformity, the 7-test, re- 
lated the significance of the differences in the 
monthly means of each of the three random 
samples to the monthly means of the 30-sta- 
tion data, but here the differences were not 
significant for all three. 

p-® 
S(X\-X») 


Where: 


ee a Ni + No) (Lid? t Lad) 
¥1-X2)"~'V NiN2[(Ni—1) + (N2—1)] 


Y,— Monthly mean of sample having N;, 
observations per month. 


Y2= Monthly mean of sample having Nj 
observations per month. 
Sd,?—Sum of the squares of the deviations 
of N, observations from the 
monthly mean. 
Xd Sum of the squares of the devia- 


tions of N» observations from the 
monthly mean, 

\ chi-square test on each of the three ran- 
dom samples conformed with normal curve 
requirements. Randomsamples are not always 
representative since they are subject to the 
laws of chance. In this particular instance, 
the use of the 4-station random sample would 
appear to be the least satisfactory. 


Table 4.—Chi-square test of deviations of weekday ratios of ADT from the monthly 
averages 








Cumu- 
a lati The 
Class interval frequen etic 
theoretical f 
0. 00-1. 99 2.00 0.38 104. 8 104 
2. 00-3. 99 4.00 .76 195. 7 Oo. 
4. 00-5. 99 6. 00 1.15 265. 4 69 
6. 00-7. 99 8.00 1.53 309, 4 44 
8. 00-9. 99 10. 00 1.91 334. 1 24 
10. 00-11. 99 12. 00 ». 29 346. 2 12. 
12. 00-13. 99 14. 00 2. 67 351.3 5 
14. 00-15. 99 16. 00 3.05 353. 2 ] 
16. 00-17. 99 18. 00 3. 44 353.8 
18.00 and over 354.0 
Degrees of freedom =8—2=6, 0.05> P>0.01, S 5.24 


Cumu- (f.—-f)2 
lative Observed 
‘ral ~~ frequeney f ee (fo—fi)? ft 
observed 
8 8S SS 16.8 282. 24 2.69 
9 197 109 18. 1 $27. 61 3. 60 
7 200) 63 —6.7 44.89 (4 
0 296 3H -8.0 64.00 1.45 
7 325 29 4.3 18. 49 75 
1 340 1h 2.9 8.41 70 
1 350 10 4.9 24.01 4.71 
v 352 2 | 
th 354 2 1.3 1.69 63 
2 354 0 | 
r?=15.17 
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Grouping Stations 


It was previously mentioned that the Ten- 
nessee 30-station data could have had a het- 
erogeneous population. The following method 
was used to divide the original data into popu- 
lation groups having similar characteristics or, 
as in this case, pattern conformity: (1) An 


array of the 30 stations based on their ratio 
values was set up for each month of the year, 
as shown in table 5; (2) the median and quar- 
tile values for each month were determined: 
(3) arbitrary values were assigned to the 
quartile position of each station for each 
month, as shown in table 6, thereby setting 
up a configurative pattern for each station’s 


Table 5.—Frequency distribution of traffic stations by values of the ratio of annual average 
daily traffic to the average daily traffic volumes for each month ! 





Ratio Jan- | Feb- | March! April | May 
uary ruary 
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! Numbers in {talics indicate the first, second, and third quartile points in each month. 





relationship to all other stations; and (4) sta- 
tions were grouped into five categories accord- 
ing to individual patterns. 

Group I.—Stations having a relatively smal] 
amplitude of deviations from the monthly 
medians. 

Group II.—Stations tending to deviat 
greatly from the monthly median values fo 
the first 6 months of the year. 

Group III.—Stations tending to deviate 
greatly from the monthly median values fo: 
the last 6 months of the year. 

Group I V.—Stations having monthly value 
occurring within the interquartile range for 
more than 9 months of the year. In a normal 
distribution the interquartile range is the 
50-percent probability level as contrasted 
with the standard deviation of 68 percent 
For the Tennessee data, this range was ap- 
proximately +5 percent and the’ group 
included 12 of the 30 stations. 

Group V.—A station having monthly values 
closest to the monthly mean or median of all 
stations was selected. Using the monthly 
mean or median values of this station (No. 519 
as a control, all stations having values falling 
within +10 percent of the control values were 
included in group V. Although this method 
does not necessarily separate populations from 
a heterogeneous group, it does eliminate 
extreme values and trouble spots” which 
probably should have been eliminated origi- 
nally for one reason or another. 


Testing by Statistical Method 


To test whether groups I through V belong 
to significantly different populations, they 
were checked against each other by the use of 
the F- and T-tests. The results showed that 
groups I, II, and III were distinct populations 
and groups I and IV were not significantly 
different, since their selection was based more 
or less on the frequency of monthly central 
tendeney. Group IV is a mixed population 


Table 6.—Quartile position by month for each station in relation to all stations ! 














| | 
a Group number January February March April | May | June July August September | October | November | December 
number j | } 
0) Ill, IV, V 3 Q: 2 Q Q» Q: 2 3 { 3 3 2 
wl nv 3 1 Q 3 2 4 4 t Q Q: Qi l 
we aun. £¥, V eae 2 l Q» Qu l 1 3 Q Q 2 
503 I, 1V } 3 Q 1 Qu ay 3 3 2 Q: Q» Q 
a4 II, V Q 2 ; Q Q 4 4 2 ] ] Q2 Q 
OS ay, ¥ Q) 2 3 Q Q>» l 2 Q Q 4 3 Q 
At) II Q i { 1 Qi l l l l 1 l 3 
7 + l 3 Q $ 4 l Q 3 3 3 Qo 4 
OS 3, 3¥, V l 4 Q () Qi 3 3 3 . Q: 2 1 
wo Ill ! | 1 1 Qs; 4 4 4 4 Q: 
510 om, ev... ¥ 2 2 2 Q 4 Q Q Q Qi Q: Q: ] 
a0 It, V { 3 Q \ 2 l 2 | l Q» 1 1 
‘2 I,V ) Q $ { 1 i 4 l ] + 
Vs I! $ ! ' t Q: l l Q Q: ] Q 
a Baus ¥ ; 2 I 2 3 Q Q Q: Q Q 1 Q 
WT ae. % 8) Q () Q 2 3 2 Q 4 2 $ Q 
v1 II i 1 Q 2 Q 2 Q l 1 Q 4 
19 se. 2 ; ; 3 ? 2 Q 2 3 Q» Q 
20) II ; i ' Q t ; 4 Q Q 1 1 ] 
421 II i { 1 ' 2 I l l 3 4 t 
322 111, 1V, \ Q: 2 Q Q Q Q, Q Q 2 
o) Il Q Q 4 t Q Q Q l l 
S24 I 2 l 1 Q 2 4 4 4 l Qi Qi “ 
52 hues ; ) Q> 2 Q ; Q ] 2 2 
2t ™. ] 1 Q t 4 ; Q Q> 2 Q 
2 I 2 2 2 Q2 Q 1 4 Q Q: 2 2 
y28 III, 1V, \ 2 Q | Q Qo Q 2 2 3 Q { Q 
520 ITI Q 1 l 1 1 1 $ 4 } 4 4 
oS ) lil Qs Q: ] | Q 3 3 $ 4 4 Qs 
j32 II 4 Q 1 1 Qi 3 2 1 { 3 1 
| ——— 
Numbers 1-4 shown in the celumns for the respective months express the following relation: 1=ratio value<Q:, 2=ratio value Q:<Q», 3=ratio value>Q:< Q3;, and 4=ratio va an 
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but it can be used when the least variance 
from the mean is desired. Group V is also a 
mixed population, tending to resemble groups 
I and IV; it serves to eliminate undesirable 
extreme values due to error or forces incom- 
patible with the remainder of the data. The 
separate populations can be broken down into 
subpopulations; however, there is danger in 
accepting the manifestations of a small group 
of individual stations which may not be truly 
representative of the whole population group. 
The chi-square test was applied to all five 
groups with satisfactory results for all except 
groups III and V, indicating that these two 
groups still had populations 
and could be divided into more populations. 
Another test supplementing the chi-square 


heterogeneous 


goodness-of-fit test to the normal curve was 
also made, namely Fisher’s g; and g2 statistics. 
For each sample, these values are based on the 
first through the fourth moments of the de- 
viations of the observations from the mean of 
a frequency distribution where the X-axis 
is the class interval of the monthly value of 
the ratio of each station’s ADT to the average 


day of the month, and the Y-axis is the fre- 
quency of occurrence. Just as the first and 
second moments about the mean are measures 
of the average deviation from the mean and 
the standard deviation, respectively, so are 
the first 
to obtain a measure of asymmetry (g;) and 
the first through the fourth 
measure of the _ kurtosis, flatness, 
peakedness (g2) as compared with the normal 


through the third moments used 
moments a 
and/or 
curve. The statistics g; and g, are calcu- 
lated from the & statistics, 
derived from the sum of the powers, from the 
second through the fourth, of the 
from the mean of 


which are in tur 


deviations 


a frequency distribution 


Thus, 
ks ks 
gi and q ; 
vk,3 
W here’ 
} S,/(N—1 


_N| N T ] S4 


bs 3(N—1)S.2/A 
se N—1)(N-—2 


N—-3 


Table 7.—Summary of various statistical tests for selected station groupings 














Stand- F-test T-test | )-criteria probability levels é 
Comparison ard of Vari- of Chi-square 
devia- ance ! means test ? F 
tion ‘} tf 
Al) 30 stations +5. 24 0.05> P>0.01 Peso a 
411 30 stations compared with 
6-station random sample 28 
§-station random sample 1. 24 
4-station random sample 4.29 
Group I stations 3.12 
Group IT stations 1.09 (4 
Group ITI stations 1.49 ‘ 
Group IV stations 3. 20 
Group V stations 2.05 
§-station random sample +5. ¥3 70> F () P60 o~] 7 
6-station sample compared with 
5-station random sample 1. 59 
4-station random sample 5.49 
Group I stations 2.71 
Group II stations 1.18 
Group IIT stations 1.91 
Group IV stations 4.10 
Group V stations 2 7 
}-station random sample + 4. 70 30> P y xO P 0 2( ! ( 
5-station sample compared with 
4-station random sample 3.45 
Group I stations 1, 70 
Group II stations 1.35 
Group ITI stations 1.20 ‘ 
Group TV stations 5 2. 57 
Group V stations 1. 65 
{-station random sample : +2. 53 Q0>> P >. 80 2)» P™> 1 KO J 
4-station sample compared with 
Group I stations 2.03 
Group IT stations 4. 66 
Group III stations 2. 88 (4 
Group IV stations 1. 34 
Group V stations 2.09 
(Group I (13 stations). ..-. - +3. 60 / iT 40> 2 0 10>] 
Group I stations compared with 
Group IT stations_---_--- 2. 30 ‘ 
Group III stations_-- : 1.42 
Group IV stations 1. 51 
Group V stations 1. 03 
Group IT (10 stations) $5, 46 QO> 1 s Hire. J / 
Group II stations compared with 
Group IIT stations - 1.62 
Group IV stations aie % 3. 47 
Group V stations 2.22 
Group IIT (7 stations) $4,299 12>P>.01 >] 4( I 
Group IIT stations compared with 
Group IV stations 2.14 
Group V stations : 1.37 f 
Group IV (12 stations) +2. 93 20>] ’ P>, & j (n 
Group LV stations compared with 
Group V stations 1. 56 
Group V (18 stations) £3. 66 0 P>,02 a>] 4 0 i] i 
Values exceeding 1.35 are significant at the 5-percent level § Ditference in means is highly significsr t pereer 
‘Acceptable probability level is between 0.95 and 0.05 level 


P values less than 0.05 are considered significantly differs 
t from a normal fit. 
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S.=The sum of the squares of the 
deviations about the mean. 
S;=The sum of the cubes of the devia- 
tions about the mean. 
,-= The sum of the fourth powers of the 
deviations about the mean. 
In converting the values of g; and g) to ¢ 
values which show the probability levels and 
significance of the sample in relation to the 


normal curve, the following formulas were 


used: 
C; G2 
t. —— and ¢,, < 
N* 99 ” ae 
Where: 
‘*,.(Varianee of g 
6N(N—1) 
(N—2)(N+1)(N 13 
Ss r.( Variance of J. 
24N(N—1)? 
N —3)(N—2) (N +3) (N-+5) 


N= Number of observations in samples 


\n interesting sidelight on the value of gy is 
ts use in determining the minimum size of a 
sample to be taken from a larger sample or 
population when the vaiue of go of the larger 
sample is knowr. The minimum sample size 
3, and N (size 
of sample) =(82.—1)/4V*%. In the Tennessee 
30-station data, the 


is computed as follows: 62=g2 4 


value of gz is 0.4477, 
and assuming the desired coefficient of varia- 


tion (WV) of the standard deviation is equal 
to 10) percent, 62:=0.4477 4-3.000= 3.4477 
The size of sample N=3.4477— 1/ 4 (0.10)? 


2.4477/ 0.04 

Since each station reports for 12 months, 
the minimum sample required is 61.2/12 or 5 
61.2 


months is a random sample distributed over 


61.2 months. 


stations. However, this sample of 
all stations and not clustered in 5 stations. 
This cluster effect has not yet been inves 
tigated, but because of its possible effect the 
number of stations may have to be raised to 
6 or 7. 

It has been observed that when the chi- 
square test for goodness of fit showed 
weakness, the g; and gz tests tended to sub 
stantiate this weakness. A summary of the 
results of the various tests for selected groups 


is shown in table 7. 


Nashville and Memphis Studies 


From the data of 6 stations located in 
Nashville, 63 24-hout 
duration were selected as shown in table &. 


random samples_ of 
These samples were adjusted to the ADT 
estimates by application of the 6-station 
ADT to the 


respective average weekday traffic volumes 


monthly means of ratios of 
The differences (errors 


of these estimates from their respective true 


as shown in table 9. 


values were expressed by the standard devia- 
tion of +6.7 percent. Reealling that the 
sampling error of the 24-hour samples was 
measured by the standard deviation of +.5.0 
percent for Memphis, the effect of factorization 
on the final error is small indeed. 

Further, to test the practical meaning of 
the significance of the observed -+ 10-percent 
range of variation in the monthly character- 
istics of the variations among stations, it was 
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mrvr reer ge. 


we 


te merrrrertF 


ussumed that no monthly adjustment ratios 


available from Nashville stations. 
Instead, the monthly mean ratios for the 6 
stations located in Memphis were used for 
estimating the ADT in Nashville using the 
The standard 
this procedure 


were 


deviation 


7.2 


same 63 samples. 
resulting from 
percent. 

The difference between 7.2 and 6.7 percent 
could hardly be considered of practical 
significance, and yet it implies the absence of 


was 


samples. 


need for Nashville data for the adjustment of 
At least for this purpose, the six 
stations in Nashville could be considered un- 
Furthermore, the identification of 
possible different populations as previously 
discussed could not have had any appreciable 
practical effect on the accuracy of ADT esti- 
mates based on 24-hour weekday samples, as 
the error could not be expected to fall below 
the +5.9 percent standard deviation of 
sampling. 


necessary. 


A comparison of the same 63 sample counts 
with the ADT disclosed that the differences 
between the sample traffic volumes and th: 
respective ADT volumes were measured by « 
standard deviation of +8.7 percent. Cor 
sidering that the corresponding minimum pos 
sible measure was + 5.9 percent, and the best 
results upon factorization (by Nashville fac- 
tors) was 6.7 percent, a significant conclusion 
is derived. If on a 68-percent confidence 
limit, errors of 9 percent or less would be 


Table 8.—Errors in ADT estimates of Nashville traffic for 1956, based on 24-hour weekday samples expanded by mean factors 




















Using mean Nashville factor Using mean Memphis factor Using mean Nashville factor Using mean Memphis factor 
24-hour 24-hour 
week- week- 
Month day Esti- Error Esti- Error ? | day Esti- Error ! Esti- Error 2 
volumes Factor mated Factor , mated volumes Factor mated =? _| Factor | mated 
ADT ADT ADT | | ADT | 
Volume} Percent Volume} Percent Volume} Percent Volume! Percent 
| | | 1 
STATION 5OO—ADT 26,635 | STATION 503—-ADT 7,615 
: | 
January 24, 821 1.09 27,055 420) 1.6 1.06 26,310 — 325 —1.2 7, 436 1.09 &, 105 490 6.4 1. 06 7, 882 267 3 
February 25, 528 1.02. 26.038 597 2.2 1.03 | 26, 294 — 341 —1.3 || 7,834 1.02 7, 991 376 4.9 1.03 8, 069 454 6.0 
March 2 7 98 | 25, 212 1, 423 5.3 1.01 25, WS4 —651 —2.4 |] 7, 967 YS 7, 808 193 2.5 1.01 | 8,047 432 5.7 
April 27,727 95 | 26, 341 204 =1.1 1.01 | 28, 004 1, 369 5.1 8, 219 95 7, 808 193 2.5 1.01 8, 301 686 9.0 
May 1 RTH 92 | 27,486 851 st. 96 28, 681 2, 046 7.7 8, (41 92 7, 950 335 4.4 96 8, 295 680 8.9 
June $0), 435 93 28, 305 1, 670 63 .93 | 28, 304 1, 669 63 8, 010 93 7, 449 — 166 —2.2 . 93 7, 449 —166 | —2.2 
July 27, 407 .93 25,489 |—1, 146 —4.3 .96 26,311 — 324 -1.2 8, 295 93 7,714 yy 1.3 . 96 7, 963 348 4.6 
August 92 . 94 : 8, 453 92 7,777 162 2.1 4 7, 946 331 3s 
September 95 95 8, 363 95 7, 945 330 4.3 95 7,945 330 1.3 
October 25, 680 95 24, 396 2, 239 S.4 YH | 24, 653 1, ¥82 —7 7, 861 V5 7, 468 -147 —1.9 . 96 7, 5A7 — 6s -—.9 
November 24, 853 .97 | 24,107 2, 52% 9.5 96 23, 859 2, 776 —10.4 8, 823 97 7, 782 167 2.2 96 7, 702 87 1.1 
December 04 95 7, 980 Y4 7, 501 114 1.5 . 95 7, 581 —34 i 
| 

STATION 501—ADT 576 STATION 504—ADT 7,863 
January 458 1.09 109 77 -13.3 1.06 485 —91 —15.8 8, 061 1.09 8, 786 923 2 1.06 8, 545 682 7 
February 54 1.02 HO 30 5.2 1. 03 612 36 6.3 E 1. 02 1.03 
March 668 98 655 7¥ 13.7 1.01 675 hoe) 17.2 8, 226 9S 8, 061 198 1.01 8, 308 445 5.7 
April 548 . 95 §21 —55 9. 5 1.01 553 — 23 —4.0 8, 734 95 8, 297 434 1.01 8, $21 958 12.2 
May 02 2 22 3.8 96 578 2 3 8, 281 92 7, 619 ~ 244 —3.1 . 96 7, 950 87 1.1 
June HHS 93 —5l 8.9 W3 525 —5l —8.9 8, 822 93 8, 204 341 4.3 ¥3 8, 204 341 4.3 
July 605 $3 563 13 —2.% ny AS1 5 9 7, 936 93 7, 380 —483 -6.1 . 96 7,618 —245 | -—3.1 
August 530 v2 488 —&S —15.3 Ww 40S —78 | —13.5 8, 540 . 92 7, 857 —t) —.1 . 94 8, 028 165 2: 1 
September Sl 95 504 —%2 12 Q5 504 —i2 2.5 95 95 . 
October. dbl v5 533 -42 —7.3 46 539 37 —.4 8, 772 95 8, 333 470) 6.0 . 96 8, 421 558 7.1 
November 573 a7 556 20 a. § 6 rH) 26 —4.5 8, 400 U7 §&, 148 285 3.6 96 &, O64 201 2.6 
December 633 o4 595 19 3.3 . 95 HO 25 4.3 8, 601 . 94 8, O85 222 2.8 95 8,171 308 3.9 

STATION 502--ADT 4,868 STATION 505-—-ADT 17,439 
January 4, 456 1.09 4,857 411 8.4 1.06 723 —145 —3.0 17, 869 1.09 | 19,477 2, 038 11.7 1.06 18,941 1, 502 S. { 
February 4, 489 1.02 4,579 — 289 »Y 1.03 v2 244 —5.0 1.02 1. 03 
March h, 285 Ys 5,179 311 6.4 1.01 470 9.7 17, 420 98 | 17,072 — 367 —2.1 1.01 | 17,594 155 y 
April 5, 736 95 5, 449 581 11.9 1.01 925 19.0 17, 061 95 | 16,208 |—1, 231 -7.1 1.01 | 17, 2382 — 207 1.2 
May ae i) 42 5, O74 206 2 96 5, 204 426 8.8 18, 993 92 | 17,474 35 2 .96 | 18, 233 744 4.6 
June 5, S44 3 5, 435 567 11. ¢ 93 5, 435 567 11.6 19, 157 93 7, 816 377 2.2 .93 | 17,816 377 2:2 
July 5, 928 93 », 513 645 13. 2 6 5, 691 823 16.9 93 ye ee 
August 92 o4 18, 274 92 | 16,812 627 —3.6 .94 | 17,178 — 261 1.5 
September 5. 099 5 4, 844 —24 5 .95 4.844 — 24 —.5 17, 998 95 | 17,098 341 —2.0 .95 | 17,098 —d41 | —2.0 
October 4, 140 WS 4,883 15 5 . 06 4, 34 66 1.4 18, 810 95 | 17, 869 430 2.5 .96 | 18,058 619 3.5 
November 5, 267 07 | 5,109 41 1.9 96 | 5,056 188 3.9 17, 883 97 | 17, 346 —93 —.5 96 | 17, 168 —271 1.6 
December “4 e ee) 19, 789 “4 18, (02 1, 163 6.7 .95 18, 800 1, 361 7.8 











Vz percent error)? 2,786.54 


Standard deviation (Nashville): S = 


-h.7 percent 


Table 9.—Ratios (mean factors) of annual average daily traftic to 


\ 


63—1 


? Standard deviation (Memphis): S= 


V¥=(percent error 


N-1 


2 I3 255.18 
——— be +7.2 percent. 
+ 


average weekday traffic volumes for Nashville and Memphis, 1956 








City and station January February March 
number 

Nashville: 
soo 1.09 1.02 1.01 
Ww 1.12 100 1.01 
MN 1.14 1.11 He) 
SOS 115 1.00 a4 
MM 1.10 ON QT 
NOS 1.03 US US 
Mean 1.09 1.02 8 

Memphi 
MM. 1.12 116 1.10 
MOT be a ou 
As 1.05 1. 06 1.02 
nw gag Q3 Q5 
HO 1.07 1.01 GS 
Stl 117 1.04 1. O4 
Mean 1. 06 1. 0. Ol 


April 


1. 00 
JSS 
91 
- 94 
9S 


at) | 
Ol 


May 


June 


July 


0. 94 
1.01 


gz 
96 
. 90 


. 04 


August 


0. 90 


90 
Qo 
Te) 
97 
1.00 
Yh 
Si 


94 


September October November | December A veragt 
daily traf! 
1.01 1. 00 1. 02 0. 95 26, 635 
1.00 5 97 91 57H 
. 93 94 96 . 92 4, 86S 
3 93 . 96 9 7,615 
xX SX .94 94 7, 863 
U4 99 . 98 . 95 17, 439 
9 95 97 . 94 
9) oO 95 .99 23, 671 
97 97 95 . 99 10, 394 
YS . 46 97 . 92 
1.01 ay 1.01 .95 
94 95 . 93 92 
SS 96 .92 95 
95 . 96 . 96 95 
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acceptable as sufficiently accurate, then a 
24-hour weekday traffic count may be assumed 


to represent the ADT. 


Table 10.—Factors for the expansion of 4-hour urban counts to 24-hour counts on weekdays 


Similar tests of Detroit and St. Louis data 


appear to bear out this conclusion with the 
following qualifications: (1) The months of 


and the cvaluation of the accuracy of these factors 

















Average ratio of 24-hour traffic to Average ratio of 24-hour traffic to 
' | 4-hour traffic 4-hour traffic 
Number of “es. s) Seo Nomberofi 
Month counts counts 
Standard | Standard Standard | Standard 
Ratio deviation error of Latio deviation error of 
of ratio ratio of ratio ratio 
6 a.m.-10 a.m. 7 a.m.-ll a.m, 
January 5 262 4.54 0.85 0.05 262 4.10 0. 64 0. 04 
February ___- 631 4.72 . 84 . 03 631 4. 29 | . 62 .02 
March E 719 4.52 73 . 03 719 4, 26 . 55 . 02 
April... 672 4.40 59 .02 672 4,27 . 52 02 
May e 143 4.43 55 .02 643 4.35 .51 02 
June —s HR5 4.00 . 63 .02 685 4.45 58 02 
July __. 603 4.61 7U . 03 603 4. 46 . 59 02 
\ugust 736 4.57 67 . 02 736 4. 46 61 02 
September 690 4.53 S4 03 690 4, 38 87 03 
October 133 4.34 66 . 03 633 4.18 . 57 02 
November 23 4.42 da .03 623 4.15 . 60 .02 
December 414 4.50 Ay 6 . 04 414 4.19 60 03 
Average 14.50 oan 4.31 oY 
Sa. m.-12 noon 11 a.m.-3 p. m. 
January : 262 4.53 0. 65 0.04 262 4.47 0.54 0.03 
February P 631 $50 . 66 .03 631 4. 26 . 62 .02 
March : . 719 4.50 .56 .02 719 4.30 56 02 
Rpt... 672 4.53 51 .02 672 4.39 5 02 
Nay : O43 +0) 52 - 02 O43 4.50 5S 02 
June < OSS 4.54 53 .02 685 4.33 52 02 
July 603 4.59 52 .02 603 4.47 51 02 
August ‘ 736 4.63 53 02 736 4. 46 oF 02 
September ; 90 4.57 58 . 02 690 4.51 . 62 02 
October 133 4.45 50 .02 633 4. 46 60 . 02 
November 623 4.39 57 02 623 4. 34 i) 02 
December 414 4.45 57 . 03 414 4.35 57 03 
Average . 14.53 . 56 4.40 7 
12 noon p.m. 1 p.m.-5 p.m, 
January 262 4.14 } 0.41 | 0.03 22 3. 66 0. 34 0. 02 
February 631 3.93 48 | .02 631 . 36 01 
Mareh : 719 3. 96 | 45 02 719 2 33 Ol 
April 672 4.08 -42 .02 672 3.71 .10 . 00 
May H43 4.18 48 .02 (43 3.79 . 34 01 
June staberd Lacan O85 4.16 42 - 02 685 3. 85 .10 .00 
July as 603 4. 30 45 02 603 3. 94 . 36 01 
August 4 736 4. 25 .ol .02 736 3. 90 oan 01 
September y 690 4. 21 . 52 -02 690 3. 87 .39 Ol 
October Peeks 633 4.10 49 .02 633 3. 74 .37 01 
November. —___-- 2% 4.00 an .02 623 3. 65 34 01 
December ae 414 3. 9S 48 02 414 3. 63 . 34 Q2 
| | 
a eee 14.11 i ene Scialipidlelaerer 13.75 31 
| 
Weighted average based on card count. 
consequent postponement of this work has 


Traffic Article Postponed 


The article Traffic and Travel Trends, which 
las appeared annually (except for 1954) in 
Pieritic Roaps magazine since 1946, will not 
be included this vear. 

Che comprehensive study of highways, be- 
gin in 1956 in accordance with section 210 of 
the Highway Revenue Act of 1956, was given 
preference over the work of reporting and 
analyzing the 1957 traffic trends data. The 


PUBLIC ROADS ® Vol. 30, No. 5 


traffic 
Tabular ma- 


delayed the publishing of the usual 
trends article for this one year. 
terial, which would have been a part of the 
report had it been published, will be available 
PUBLIC 


first quarter of calendar year 1959, and a set 


to subscribers of toADsS during the 
of tables giving 1957 traffic information will be 
furnished at that time upon request addressed 
to the Bureau of Public 

Traffic data furnished in conjunction with 


toads. 


the section 210 study will undoubtedly result 


January, July, August, and December show a 
high degree of dispersion for the test observa- 
tions and hence are not representative months 
of the year; (2) there are low-volume roads in 
urban areas which will also show a high degree 
of dispersion and may not be reliable; and 
(3) the average weekday count is generally 
higher than the respective ADT, the average 
difference for the year being about +5 per- 
cent of the ADT. When seasonal variation is 
considered, the average range of the 24-hour 
weekday count is about 95 to 110 pereent of 
the ADT. 


are already available, 


In Tennessee, because the factors 
the adjustments for 
monthly variations will be made. 


Four-Hour Weekday Counts 


Manual counts of 4-hour duration on week- 
davs are also used in Tennessee cities for the 
purpose of estimating ADT. The evaluation 
of the conversion of weekday 24-hour counts 
to estimates of ADT has already been dis- 
cussed. Utilizing an electronic computer, a 
population study was made on the 1955 data 
of 33 recorders for 
the purpose of determining and evaluating 
the procedure for the expansion of these 4-hour 
samples into estimates of traffie for 24-hour 
periods on weekdays. 


urban continuous-eount 


Table 10 shows the mean expansion factors, 
the standard and the 
errors of the means of the expansion factors 
by months and by different 4-hour periods of 
traffic counts. The great similarities of the 
mean monthly factors and the consistency of 
the standard deviation for 
periods are evident. 


deviation, standard 


various 4-hour 
It is observed, however, 
that the greatest variation, average standard 
deviation +0.71, occurs during the period 
from 6 a. m. to 10 a. m., being 15.8 percent of 
the mean factor of 4.5. The smallest vari- 
ation is for the period from 1 p. m. to 5 p.m. 
for which the average standard deviation is 
£0.31 or +8.3 percent of the mean factor of 
3.75. These characteristics indicate that esti- 
mates of 24-hour weekday volumes are ac- 
curate in terms of standard deviations of 
about +12 to 13 percent, which may be con- 
sidered satisfactory for practical purposes. 


in revisions being made in tables to be pub- 
lished for 1957. Furthermore, the new in- 
formation resulting from the section 210 study 
will make it possible to check a series of esti- 
mates of total rural and urban travel. 

The present plan is to publish in’ Pusnic 
{0ADs the 1957 traffie trends along with 1958 
data when they become available. It is ex- 
pected that the consolidated article will in- 
clude a more detailed analysis of travel char- 
acteristics than has been published since the 
end of World War IT. 
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